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EXECUTIVE SUMMARY 

This report presents the results of a treatability study (TS) performed by Parsons 
Engineering Science, Inc. (Parsons ES) at the Christmas Tree Fire Training Area (FT-03), 
Westover Air Reserve Base, Massachusetts to evaluate the use of intrinsic remediation with 
long-term monitoring (LTM) as a remedial option for dissolved fuel-hydrocarbons in the 
shallow groundwater. A bioventing system currently is in operation at the site for the 
remediation of sou contamination. There is no evidence of mobile, light, non-aqueous 
phase liquid at the site. Therefore, this study focused on the impact of dissolved benzene, 
toluene, ethylbenzene, and xylene (BTEX) on the shallow groundwater system at the site. 
Dissolved chlorinated solvents also are present in the shallow groundwater; therefore, then- 
impact on groundwater is presented as well. Site history and the results of sou and 
groundwater investigations conducted previously also are summarized in this report. 

Comparison of BTEX, chlorinated solvent, electron acceptor, and biodegradation 
byproduct isopleth maps for both May 1995 and July 1996 sampling events at FT-03 
provides strong qualitative geochemical evidence of biodegradation of both BTEX and 
chlorinated solvent compounds. Geochemical data strongly suggest that biodegradation of 
fuel hydrocarbons has occurred at the site via aerobic respiration and the anaerobic 
processes of denitrification, iron reduction, sulfate reduction, and methanogenesis. In 
addition, the ratio of TCE to the daughter product cis-l,2-DCE suggests that chlorinated 
solvents in the groundwater are being degraded through reductive dechlonnation 
Furthermore, the significant decrease in both dissolved fuel hydrocarbon and chlorinated 
solvent concentrations suggest that bioventing operations at FT-03 have had only a positive 
effect on groundwater remediation. Since May 1995, bioventing operations, in conjunction 
with natural attenuation processes, have helped to decrease the size of the dissolved BTEX 
plume from 5.7 acres to 2/3 of an acre and to reduce the concentration of BTEX 
compounds in the groundwater throughout the site an average of 97 percent. 

An important component of this study was an assessment of the potential for 
contamination in groundwater to migrate from the source areas to potential receptors In 
particular, this component focused on the contaminant fate and transport of the dissolved 
BTEX plume. To help simulate the effects of biodegradation and dispersion on the BTEX 
plume, three conservative analytical models were used to estimate the fate of dissolved 
BTEX movement through the shallow groundwater. Input parameters for the models were 
obtained from previous site characterization data, supplemented with data collected by 
Parsons ES. Model parameters that were not measured at the site were estimated using 
reasonable literature values. 

The results of this study suggest that natural attenuation of BTEX and chlorinated 
solvent compounds is occurring at FT-03. In May 1995, with the exception of monitoring 
well TF-2A, dissolved groundwater BTEX concentrations were below the state and federal 
regulatory guidelines. TCE was detected at a concentration above the federal groundwater 
standard at monitoring well TF-14. However, the remaining chlorinated solvents at the 
site were below regulatory guidelines, or not detected. In July 1996, all detected BTEX 
and chlorinated solvent concentrations were below both the state and federal regulatory 
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guidelines. The estimated rates of biodegradation, when coupled with sorption, dispersion, 
and dilution, should be sufficient to maintain dissolved BTEX and chlorinated solvent 
concentrations at levels below current regulatory guidelines. Given the observed retreat of 
the dissolved BTEX and chlorinated solvent plumes, intrinsic remediation and LTM is a 
viable remedial option for BTEX-impacted groundwater at the site. The Air Force 
therefore recommends implementation of intrinsic remediation with LTM for BTEX and 
chlorinated solvent-impacted groundwater at the site. Analytical modeling results suggest 
significant decreases in the source concentration and plume extent due to natural 
attenuation processes. Furthermore, the current operation of a bioventing soil remediation 
system has increased source decay rates in the vadose zone soils and reduced the 
groundwater contaminant source. Institutional controls such as restrictions on shallow 
groundwater use would prevent completion of pathways while site remediation is in 
progress. 

To continue to verify the results of the analytical modeling effort, and to ensure that 
natural attenuation is occurring at rates sufficient to protect potential downgradient 
receptors, a LTM plan was developed on the basis of the 1995 groundwater results and 
analytical models. The Air Force recommends using 5 LTM wells and 3 pomt-of- 
compliance wells to monitor the long-term migration and degradation of the dissolved 
BTEX plume. In addition to analyses used to verify the effectiveness of intrinsic 
remediation, the groundwater samples should be analyzed for BTEX compounds by US 
Environmental Protection Agency (USEPA) Method SW8020 and chlorinated solvents by 
USEPA Method SW8010. On the basis of 1996 groundwater sampling results, it may be 
possible to reduce the number of wells included in the LTM plan as well as the duration of 
annual monitoring. If dissolved BTEX or chlorinated solvent concentrations in 
groundwater collected from the POC wells exceed regulatory criteria, additional evaluation 
or corrective action may be necessary at this site. 

ES-2 
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SECTION 1 

INTRODUCTION 

This report was prepared by Parsons Engineering Science, Inc. (Parsons ES), 
formerly Engineering Science, Inc. (ES), and presents the results of a treatability study 
(TS) conducted to evaluate the use of intrinsic remediation for remediation of luel- 
nvdrocarbon- and chlorinated-solvent-contaminated groundwater at the Christmas Tree 
Fire Training Area (FT-03) at Westover Air Reserve Base (ARB), Chicopee, 
Massachusetts (the Base). As used throughout this report, the term intrinsic 
remediation- refers to a management strategy that relies on natural attenuation 
mechanisms to control exposure to risks associated with contaminants in the subsurface 
"Natural attenuation" refers to the actual processes (e.g., biodegradation, sorption, and 
dispersion) that facilitate intrinsic remediation. 

Intrinsic remediation is an innovative remedial approach that relies on natural 
attenuation to remediate contaminants dissolved in groundwater. Mechanisms for 
natural attenuation of benzene, toluene, ethylbenzene, and xylenes (BTEX) include 
biodegradation, advection, dispersion, dilution from recharge, sorption and 
volatilization Of these processes, biodegradation is the only mechanism working to 
transform contaminants into innocuous byproducts. Intrinsic bioremediation occurs 
when indigenous microorganisms work to bring about a reduction in the total mass of 
contamination in the subsurface without the addition of nutrients. Patterns and rates ot 
intrinsic remediation can vary markedly from site to site depending on governing 
physical and chemical processes. 

The main emphasis of the work described herein was to evaluate if natural 
attenuation mechanisms would be sufficient to reduce concentrations of dissolved fuel- 
related compounds in groundwater to levels that meet federal and state groundwater 
protection standards. The potential for these mechanisms to effectively reduce the 
concentrations of chlorinated solvents at the site, which is ancillary to the scope of this 
program, also was qualitatively considered. This study is not intended to be a 
contaminant assessment report, a remedial action options evaluation, or a remedial 
action plan; rather, it is provided for the use of the Base and its prime environmental 
contractor(s) as information to be used for future decision making regarding this site. 

1.1 SCOPE AND OBJECTIVES 

Parsons ES in conjunction with researchers from the United States Environmental 
Protection Agency (USEPA) National Risk Management Research laboratory 
(NRMRL) Subsurface Protection and Remediation Division, was retained by the United 
States Air Force Center for Environmental Excellence (AFCEE) Technology Transfer 
Division to conduct site characterization and data analysis to evaluate the scientific 
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defensibility of intrinsic remediation with long-term monitoring (LTM) as a remedial 
option for contaminated groundwater at FT-03. 

There were two primary objectives of this project: 

. Determine whether natural attenuation processes for fuel hydrocarbons and 
chlorinated solvents are occurring in groundwater at the site, and if so, 

• Investigate if these processes are sufficient to minimize the expansion of the 
contaminant plume using analytical models to ensure that federal and state 
groundwater protection standards will be met at a downgradient point of 
compliance (POC). 

These objectives were accomplished by: 

• Reviewing previously reported hydrogeologic and soil and groundwater quality 
data for the site; 

• Conducting supplemental site characterization activities to determine the nature 
and extent of groundwater contamination; 

• Collecting geochemical data in support of intrinsic remediation; 

• Developing a conceptual hydrogeologic model of the shallow saturated zone, 
including the current distribution of contaminants; 

• Evaluating site-specific data to determine whether natural processes of 
contaminant attenuation and destruction are occurring in groundwater at the site; 

. Using analytical models to simulate the fate and transport of fuel hydrocarbons in 
groundwater; 

• Determining if natural processes are sufficient to minimize BTEX plume 
expansion so that groundwater quality standards can be met at a downgradient 
POC; and 

. Providing a LTM plan that includes LTM and POC well locations and a sampling 
and analysis plan. 

Site characterization activities, performed in May 1995, in support of intrinsic 
remediation included sampling and analysis of groundwater from monitoring wells, 
static groundwater level measurement, and aquifer slug testing. Five new monitoring 
wells were installed under a separate contract before the start of the intrinsic 
remediation demonstration. Additional groundwater sampling was conducted m July 
1996, to supplement data collected in May 1995 and to confirm dissolved BTEX 
contamination in deep wells at the site. 

Much of the hydrogeological and groundwater chemical data necessary to evaluate 
the intrinsic remediation option were available from previous investigations conducted 
at this site, at other sites with similar characteristics, or in technical literature.   The 
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field work conducted under this program was oriented toward collecting supplementary 
hydrogeological and chemical data necessary to document and model the effectiveness 
of intrinsic remediation with LTM for fuel-hydrocarbon-contaminated groundwater. 

Site-specific data were used to develop analytical models of groundwater flow and 
solute transport. The analytical models were used to simulate the movement of 
dissolved BTEX in the shallow saturated zone. Model results were used to help assess 
the potential for completion of receptor exposure pathways involving groundwater and 
to identify whether intrinsic remediation with LTM is an appropriate and defensible 
remedial option for contaminated groundwater at site FT-03. Site-specific data also 
were used to evaluate the potential fate and transport of trichloroethene (TCE), cis-1,2- 
dichloroethene (cis-l,2-DCE), and vinyl chloride in the presence of fuel hydrocarbons. 
Potential biological degradation of these chlorinated solvents via reductive 
dechlorination was addressed qualitatively. 

This report contains eight sections, including this introduction, and three appendices. 
Section 2 summarizes the site characterization activities. Section 3 summarizes the 
physical characteristics of the study area. Section 4 describes the nature and extent of 
soil and groundwater contamination and the geochemistry of soil and groundwater at 
the site. Section 5 describes the analytical models used and the design of the 
conceptual model for the site, lists model assumptions and input parameters, and 
describes sensitivity analysis, model output, and the results of the modeling. Section 6 
presents the LTM plan for the site. Section 7 presents the conclusions of this work and 
provides recommendations for further work at the site. Section 8 lists the references 
used to develop this document. Appendix A contains monitoring well installation logs, 
groundwater sample forms, and slug test results. Appendix B presents soil and 
groundwater analytical results. Appendix C contains calculations and model output 
parameters in hardcopy format. 

1.2 FACILITY BACKGROUND 

The Base, located in south-central Massachusetts, covers nearly 2,400 acres in the 
northeastern portion of the city of Chicopee, within the Connecticut River Valley 
(Figure 1.1). The Base is in close proximity to Interstate 90 (the Massachusetts 
Turnpike) and Interstate 91 (a major north-south route), and is 90 miles west of Boston. 
Westover ARB is in Hampden County, and the land uses around the Base are a mix of 
rural, residential, recreational, and industrial/commercial development. 

The Base became operational in April 1940, and served as a training center for the 
359th Fighter Group until 1945. After World War n, the Base served the Air 
Transport Command, which in 1948 became the Military Air Transport Services. 
From 1956 to 1974, the Base was used by Strategic Air Command (SAC) crews 
operating B-52s. Westover's 99th Bomb Wing was the primary SAC unit flying 
missions in the Vietnam War. The Air Force Reserve came to Westover in 1965, and 
in 1974 the Base was deactivated to become an Air Force Reserve Base. Westover's 
world-wide mission increased with the arrival of 16 C-5As in 1987. Currently the Base 
is the nation's largest Air Force Reserve Base and is operated by a work force of 1,200 
civilians, including 533 Air Reserve technicians. More than 4,000 reservists from all 
military branches throughout the northeastern United States serve at Westover ARB. 
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Site FT-03 is located in the southwestern portion of the Base, approximately 125 
feet north of the southern Base boundary (Figure 1.2). Chicopee Memorial State Park 
lies south of the Base boundary, and Chicopee Reservoir, located within the park, is 
approximately 0.4 mile southeast of FT-03. Building 7400, a helicopter hangar and 
maintenance facility, lies northeast of FT-03. The southwestern terminus of the 
runway lies due east of the site. Site FT-03 was used from 1940 to 1964, for fire 
training exercises in which unknown volumes of waste fuels and solvents were released 
at the site. 

The only active fuel handling at the site is the transfer of JP-4 through a buried 8- 
inch fuel supply line, located in the northern portion of the site (ES, 1988) (Figure 
1 3) Until recently, a portion of the site was used as a parking area for trucks and 
troop transports (O'Brien and Gere Engineers, Inc., 1993). Site FT-03 is covered by 
sparsely vegetated sandy, gravelly soil with no visible evidence of the former fire 
training area or fuel hydrocarbon contamination. 

A series of investigations have undertaken characterization of site FT-03 using 
numerous techniques. In 1986, ES (1986 and 1988) installed monitoring wells TF-1 
through TF-6, TF-1A, and TF-2A, obtained water level measurements, and drilled and 
sampled three shallow test borings to depths of 15 feet below ground surface (bgs). ES 
also performed a series of soil electrical resistivity surveys. UNC Geotech (1991) 
installed two additional wells, collected soil samples for laboratory analysis from 19 
soil boreholes, and conducted a toluene soil gas survey. In 1993, 13 additional soil 
boreholes were sampled, and one well was constructed by O'Brien and Gere Engineers, 
Inc. (1993). 

Results of the past investigations have identified petroleum hydrocarbon and 
chlorinated solvent contamination in site environmental samples. Soil contamination 
was identified in the former burn area to depths of up to 10 feet bgs. In May 1995, 
O'Brien and Gere Engineers, Inc. began operation of a full-scale bioventing system. 

Groundwater contamination has been detected in the vicinity and downgradient of 
the burn area at Site FT-03. Engineered solutions to remediate groundwater have not 
been implemented at this site. 

Results of the soil and groundwater investigations at the site have been documented 
in the Ground Water Monitoring Report for Site FT-03 "Christmas Tree" Fire Training 
Area (O'Brien and Gere, 1995); Supplemental Remedial Investigation/Feasibility Study 
Report (O'Brien and Gere, 1994); Installation Restoration Program (IRP) Work Plan 
(O'Brien and Gere, 1993); Final Remedial Investigation (RI) Report (UNC Geotech, 
1991); IRP Phase n-Confirmation/Quantification Stage 2 Report (ES, 1988); Final 
Report, Phase H-Problem Confirmation Study (Weston, 1984); and IRP Records 
Search (CH2M Hill, 1982). The site-specific data presented in Sections 3, 4, and 5 are 
based on a review of these documents and on data collected by Parsons ES under this 
program. 
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SECTION 2 

SITE CHARACTERIZATION ACTIVITIES 

This section presents the methods used by Parsons ES personnel to collect site- 
specific data at FT-03, the Christmas Tree Fire Training Area, Westover ARB, 
Massachusetts. To meet the requirements of the intrinsic remediation demonstration, 
additional data were required to evaluate aquifer properties, soil sorption, and the 
extent of groundwater contamination. Immediately prior to site characterization, the 
Base had five additional monitoring wells installed and developed at the site. A soil 
sample was collected from the screened interval of each monitoring well and analyzed 
for total organic carbon (TOC). Site characterization activities for this TS involved the 
collection and analysis of groundwater samples from the 5 newly installed and 10 of the 
11 previously installed monitoring wells, measurement of groundwater levels, and 
performance of aquifer slug tests. Groundwater samples collected at the 15 wells were 
analyzed for the parameters listed in Table 2.1. Previously collected data and data 
collected under this program were integrated to develop the conceptual site model and 
to aid interpretation of the physical setting (Section 3) and contaminant distribution 
(Section 4). 

The following sections describe the procedures that were followed when collecting 
site-specific data in May 1995 and July 1996. Additional details regarding investigative 
activities are presented in the work plan (Parsons ES, 1995). 

2.1 MONITORING WELL INSTALLATION 

Five monitoring wells were installed and developed by Environmental Products and 
Services, Inc. under a separate Base contract during the week of May 15, 1995. These 
monitoring wells were installed to help characterize the shallow groundwater flow 
system and the extent of groundwater contamination. This characterization information 
was used in this TS to narrow the variable constraints of the analytical models and to 
support the demonstration of intrinsic remediation. A copy of the well installation 
summary report is provided in Appendix A. Figure 2.1 shows the locations of all site 
wells; the new wells are identified as TF-12 through TF-16. Construction details of all 
site wells are summarized in Table 2.2. 

2.2 GROUNDWATER SAMPLING 

Groundwater samples were collected at the 5 newly installed wells and 10 of the 11 
previously installed monitoring wells on May 17 through 19, 1995 (Figure 2.1). 
Monitoring Well TF-6 was not sampled because the screen interval penetrates the entire 
aquifer,  and  therefore would  not produce representative groundwater  samples. 
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Analyte 

TABLE 2.1 
SUMMARY OF GROUNDWATER ANALYSES 

Christmas Tree Fire Training Area 
Intrinsic Remediation TS 

Westover ARB, Massachusetts 

Method 
Field (F) or 
Fixed-Base 

Laboratory (L) 

Total Iron 
Ferrous Iron (Fe *) 
Ferric Iron (Fe *) 
Manganese 
Reduction/Oxidation Potential 
Oxygen 
pH 
Conductivity 
Temperature 
Carbon Dioxide 
Alkalinity (Carbonate [C03

2"] 

and Bicarbonate [HC03" ]) 
Nitrate + Nitrite 
Chloride 
Sulfate 
Methane, Ethane, Ethene 
Dissolved Organic Carbon 
Volatile Organic Compounds (VOCs) 
Fuel Carbon 
BTEX 

Colorimetric, HACH Method 8008 
Colorimetric, HACH Method 8146 
Difference between total and ferrous iron 
Colorimetric, HACH Method 8034 
Direct reading meter 
Direct reading meter 
Direct reading meter 
Direct reading meter 
Direct reading meter 
Titrimetric, HACH Method 1436-01 
F = Titrimetric, HACH Method 8221 

EPA Method 353.1 
Waters Capillary Electrophoresis Method N-601 
Waters Capillary Electrophoresis Method N-601 
RSKSOP-147a/ 

RSKSOP-102 
RSKSOP-148 
RSKSOP-133 
RSKSOP-133 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 

L 
L 
L 
L 
L 
L 
L 
L 

^ RSKSOP - Robert S. Kerr Standard Operating Proceedure performed by the USEPA National Risk 
Management Research Laboratory (formerly the Robert S. Kerr Environmental Research Laboratory). 

2-2 
I :\45028\report\ft03\final\table21 xls 



LEGEND 

'TF-8 MONITORING WELL 

FENCE 

<*      | GROUNDWATER FLOW DIRECTION 

FIGURE 2.1 

MONITORING WELL 
LOCATIONS 

Christmas Tree Fire Training Area 
Intrinsic Remediation TS 

Westover ARB. Massachusetts 

PARSONS 
ENGINEERING SCIENCE, INC. 

Denver,   Colorado 

L:\45028\DRAWINGS\95DN1272. 01/24/97 at 14:24 2-3 



.9   N xs 
t« «i 

60   «ä 

4» ! Ö 

•a I I I O •-« ffl o 

'6 5 8« 

g ° I 

o 
'6 Ö 
"S< s 
iD 

§* 

W 

S. 

I 

r> Nm^mo q » « * >q P VN © ON OO 
oo' oo' vo VN oo' vo' ^vo'^'enenvNTfr^voTir 
en en en en en en  wnnnnij"«"« 

r- oo ON VN T- o 
t~ vq © © o oo 
« w ci ci *o c! 
en en en en en en 
M (S N N N N 

© © VN © © © 
»' O «' fj N (»i 
°p -v °? ■? •? "? 
o p VN p p p 
>* VN' oo' t-' r- c-" 
I— en NO en en en 

-*esenr~c-enenc'-- 
wnvoNomoow O   ON 

o o oo » o o o © © 

o 
"? o 

t- 

VN 

en 
VN i 
00 

en 
VN 
i 

C- 

, ifl m in 

JZ o o © 

© 
VN 

Ö 
© 

o 
VN 
en en 

00 
en 

00 
en 

VN VN VN © © 

88S8S8.5?335qqooq 
© © © © © © ^ "^ ^     o © © © © 

© © © © © © © o p © © © p p P P 
es' es es es es es' es' es' es es' es' es' es" es es es 

© © © © © © © © © © © ©. © p <q °. 
oo' oo' oo' oo' oo' oo' oo' oo' oo' oo" 00 00 00 00 00 00 

© © V» © © © 
ON ©' en es' es es' 
oo VN oo VN VN VN 

© © © © ^» © © © © © 
vi ©' oo r-' «5 "O "O T> <~> © 
VN ON VN VN rt •* •* VN VN 

VN VN VN VN VN 
ON ON ON ON ON 

NO irt  c- NO vo 
s° oo & 92 9° s° =0 ^^^^* 
ON5;2S^NOOO  <|S22SVNVNVNVNä 
jsSi"r>^c;c; 5ZZZZ-HHHH 

VN VN VN VN VN 
**: "■*■" <*: ^1 *■*. *■■*. «T* ?5 2 i-i es es es ^ 
i—i "    i-i   i-c f-t 

-st- oo oo en es r- 
00 © r- ON <—i t- 

es>-"'-|r-ONVNt~'-"oo^' 
© vq es oo © es t-_ es_ vq a\ 

vo' i^ -<t vo" «-» vo ©' es' vN ©' ON r>' © cf oC vo 

00   00   C3\   ON   00   00    ONOOONONONOOOOONONOO 

en ON » VO <■-» 
oo -$• 

t-» vo ON es vo Ov 
vo vo «—i es VN oo vo vo en en •"* es 
r- r- r- c- r- t- 

e»N es © es en <-* VN VN ■> oo 
oo w{ H o» * oo' i-I VN es ON 
rtMN*oooHiHvqt; 
esvo--iON©eseseses© 
r~-r-«~vor~r~t~f-r~r- 

8 

<«■> 

.—< -H es es en ** 
■     i     i     •   _i     I 

>—i es en -* VN vo 
Crop»-»«-«"?'-«-?'? 

StrsßSßis2s&&fe&&&& 

-8 •c 

<u 1 1 
ett 
tu 

ID 

"d Tl CO 

1 ü S >% O «^ ca 
& u « 
is !8 t=l 
b 

II 
to 
60 

1 
ii II 

< 
PL, X> •-1 

•a   5   "a   =s 

2-4 



Monitoring wells TF-1 through TF-16, except TF-6, also were sampled in July 1996. 
Groundwater sampling forms, provided in Appendix A, were used to document the 
specific details of the sampling event for each well. In addition to the sampling events 
conducted under this program, ES (1988), UNC Geotech (1991), and O'Brien and Gere 
(1994) have conducted groundwater sampling events at the site. 

This section describes the procedures used for collecting groundwater samples. To 
maintain a high degree of quality control (QC) during this sampling event, the 
procedures described in the site work plan (Parsons ES, 1995) and summarized m the 
following sections were followed. 

2.2.1 Preparation for Sampling 

All equipment used for sampling was assembled and properly cleaned and calibrated 
(if required) before arriving in the field. Special care was taken to prevent 
contamination of the groundwater and extracted samples through cross contamination 
from improperly cleaned equipment; therefore, pumps and water level indicators were 
thoroughly cleaned before and after field use and between uses at different sampling 
locations. 

2.2.1.1 Equipment Decontamination 

All portions of sampling and test equipment that contacted the samples were 
thoroughly cleaned before use. The purging pump, pump tubing, and water level 
indicator were the only reusable pieces of equipment that came in contact with 
groundwater samples or were used in the wells. The following protocol was used to 
clean the Grundfos Redi-Flo 2® pump, Envirotech® ES-60 two-stage pump, and water 
level indicator that contacted the groundwater or were lowered downhole: 

• Flushed and rinsed with potable water; 

• Rinsed with isopropyl alcohol (external surfaces only); 

• Rinsed with distilled or deionized water (external surfaces only); and 

• Air dried before use. 

Any deviations from these procedures were documented in the field scientist's field 
notebook and on the groundwater sampling form. 

2.2.1.2 Equipment Calibration 

Field analytical equipment was calibrated according to the manufacturers' 
specifications before field use, and as required. Because the majority of physical and 
chemical analyses were performed by USEPA/NRMRL personnel, this requirement 
applied specifically to direct-reading meters used for onsite chemical measurements of 
pH and dissolved oxygen (DO). 
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2.2.1.3 Preparation of Location 

Before proceeding with sampling, the area around the well was cleared of foreign 
materials, such as brush, rocks, and debris to prevent sampling equipment from 
inadvertently contacting the debris. Location preparation also included an inspection of 
the integrity of the well. At this time, any irregularities involving the protective cover, 
cap, lock, external surface seal, internal surface seal, well identification, well datum, 
and pad were noted. 

2.2.1.4 Water Level and Total Depth Measurements 

Before removing any water from the well, the static water level was measured. An 
electrical water level probe was used to measure the depth to groundwater below the 
well datum to the nearest 0.01 foot. After measurement of the static water level, the 
water level probe was lowered to the bottom of the well for measurement of total well 
depth (recorded to the nearest 0.01 foot). From these measurements, the volume of 
water to be purged from the wells was calculated. 

2.2.2 Well Purging and Sample Collection 

Well purging consisted of removing at least three casing volumes of water with a 
Grundfos Redi-Flo 2® pump (1995) or Envirotech® ES-60 two-stage pump (1996) prior 
to sample collection. Once three casing volumes of water were removed from the well, 
purging continued until the pH, temperature, and DO concentrations had stabilized. 

Within 24 hours of the purge, a dedicated, disposable high-density polyethylene 
(HDPE) bailer was used to extract groundwater samples from the well. The bailer was 
lowered on a disposable polypropylene rope until completely submerged. Both 
lowering and raising were performed slowly to avoid unnecessary splashing and 
volatilization of contaminants. The samples were transferred directly into the 
appropriate sample containers. The water was carefully poured down the inner walls of 
the sample bottle to minimize aeration of the sample. Sample bottles for BTEX, 
trimethylbenzenes (TMBs), tetramethylbenzenes (TEMBs), and volatile organic 
compounds (VOCs) were filled so that there were no headspace or air bubbles within 
the container. 

2.2.3 Onsite Chemical Parameter Measurement 

Measurement of DO, pH, and temperature was performed at the well at the time of 
sample collection. All other field parameters were measured onsite by 
USEPA/NRMRL personnel at their mobile laboratory immediately following sample 
collection. 

2.2.3.1 Dissolved Oxygen Measurements 

DO measurements were taken using an Orion® model 840 DO meter in a flow- 
through cell at the outlet of the purge pump. DO concentrations were recorded after 
the readings stabilized, and in all cases represent the lowest DO concentration 
observed. 
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2.2.3.2 pH and Temperature Measurements 

Because the pH and temperature of groundwater can change significantly within a 
short time following sample acquisition, these parameters were measured at the time of 
sample collection, in the same flow-through cell used for DO measurements. The 
measured values were recorded on the groundwater sampling record. 

2.2.4 Sample Handling 

2.2.4.1 Sample Preservation 

The USEPA/NRMRL personnel provided appropriately preserved sample bottles. 
Samples were delivered to the onsite USEPA mobile laboratory within minutes of 
sample collection. As the temperatures were cool and the samples were delivered to 
the mobile laboratory within minutes of sample collection, ice was not used to cool the 
samples during transport to the USEPA mobile laboratory. Samples for those analyses 
not performed by the mobile laboratory were preserved and shipped by the USEPA 
field personnel to the NRMRL in Ada, Oklahoma for analysis. 

2.2.4.2 Sample Containers and Labels 

Sample containers and appropriate container lids were provided by the analytical 
laboratory. The sample containers were filled as described in Section 2.2.2, and the 
container lids were tightly closed. The sample label was firmly attached to the 
container side, and the following information was legibly and indelibly written on the 
label: 

• Facility name; 

• Sample identification; 

• Sampling date; 

• Sampling time; 

• Requested analyses; 

• Preservatives added; and, 

• Sample collector's initials. 

2.2.4.3 Sample Shipment 

After the samples were sealed and labeled, they were transported to the onsite 
USEPA mobile laboratory. The samples were packaged to prevent leakage or 
vaporization from their container, and the samples were cushioned to avoid breakage. 

Sample shipment to the NRMRL in Oklahoma and associated chain-of-custody 
documentation was the responsibility of the USEPA/NRMRL field personnel. 

2-7 

022/722450/WESTOVER/FINALTS/2.DOC 



2.3 AQUIFER TESTING 

Slug tests were conducted at two monitoring well locations to estimate the hydraulic 
conductivity of the shallow saturated zone at FT-03. Slug tests are single-well 
hydraulic tests used to determine the hydraulic conductivity of an aquifer in the 
immediate vicinity of the tested well. Slug tests can be used for both confined and 
unconfined aquifers that have a transmissivity of less than 7,000 square feet per day 
(ftVday). Slug testing can be performed using either a rising head or a falling head 
test. Both rising head and falling head tests were used at this site. The tests were 
performed in monitoring wells TF-8 and TF-16 (Figure 2.1). Detailed slug testing 
procedures are presented in the Technical Protocol for Implementing the Intrinsic 
Remediation with Long-Term Monitoring for Natural Attenuation of Fuel Contamination 
Dissolved in Groundwater (Wiedemeier et al, 1995), hereafter referred to as the 
Technical Protocol document. 

Data obtained during slug testing were analyzed using AQTESOLV® software and 
the methods of Bouwer and Rice (1976) and Bouwer (1989) for unconfined conditions. 
The results of slug testing are presented in Section 3.3.2.2 and Appendix A. 

2.4 SURVEYING 

After completion of field work, all 16 monitoring well locations and elevations were 
surveyed by Huntley and Associates of Chicopee, Massachusetts. The horizontal 
locations were measured relative to existing survey control points. The elevations of 
the ground surface adjacent to the well casing and the measurement datum (top of the 
PVC well casing) were measured relative to mean sea level (msl). Horizontal locations 
were surveyed to the nearest 0.1 foot. Datum and ground surface elevations were 
surveyed to the nearest 0.01 foot. 
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SECTION 3 

PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

This section describes the physical characteristics of site FT-03 as determined from 
data collected by Parsons ES in May 1995 and July 1996, and in conjunction with data 
documented in previous reports on Westover ARB. Investigative techniques used by 
Parsons ES to determine the physical characteristics of the site are discussed in 
Section 2. 

3.1 SURFACE FEATURES 

3.1.1 Topography and Surface Water Hydrology 

Westover ARB is located within the Connecticut River Valley Lowland Subdivision 
of the New England Upland Physiographic Province, which is part of the Northern 
Appalachian Mountain System. The area surrounding the Base includes nearly level 
flood plains, level to gently sloping terraces along the Connecticut River, and several 
large intrusive dikes that rise several hundred feet above the valley floor. Regional 
elevations range from 50 feet above msl at the Connecticut River to 1,200 feet msl to 
the north of the Base at Mount Tom. A topographic map of the Base and the 
surrounding area is presented on Figure 3.1. The FT-03 site lies at an elevation of 
approximately 230 feet above msl and is characterized by gentle slopes, developed on 
fluvial sands. Chicopee Memorial State Park, immediately south of site FT-03, has 
undeveloped moderate to steep slopes. 

Major surface water features in the area include the Connecticut River, located 
approximately 2 miles west of the Base, and the Chicopee River, located approximately 
1 mile south of the Base boundary. The Base is drained by three smaller drainages: 
Stony Brook in the north, Willamansett Brook to the west, and Cooley Brook along the 
southeastern boundary of the Base (Figure 3.1). Langewald Pond and Mountain Lake, 
west of the Base, receive water from Willamansett Brook. Stony Brook receives 
runoff, mainly through storm drains, from the northern portion of the Base. Cooley 
Brook receives runoff from most of the industrial operations, flight line hangars, and 
runways via storm sewers, culverts, and ditches. Oil/water separators have been 
constructed along Cooley Brook to filter storm runoff before discharge into the Brook 
(O'Brien and Gere, 1993). Cooley Brook supplies water to Chicopee Reservoir and the 
Chicopee River. Surface water overland flow in the vicinity of FT-03 is south- 
southwest into the Cooley Brook watershed. 
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3.1.2 Manmade Features 

FT-03 is located immediately south of the Westover ARB flight operations area. 
Manmade features at the site include an underground 8-inch JP-4 supply line, a gravel 
road, a flightline fence that bisects the site, and a Base boundary fence (Figure 1.3). 
An operational bioventing system, installed by O'Brien and Gere (1995), also is present 
at the site. At the boundaries of the site lie Building 7400, the Base perimeter road, 
and the Base boundary. A service road for Chicopee Memorial State Park is located 
approximately 100 to 150 feet south of the Base boundary. Other significant nearby 
manmade constructions include the runway, located approximately 1,000 feet east of 
the site, and Chicopee Reservoir, located approximately 2,000 feet southeast of the 
site. 

3.2 REGIONAL GEOLOGY AND HYDROGEOLOGY 

Regionally, the central Massachusetts bedrock geology consists of a variety of 
Precambrian and early Paleozoic crystalline rocks known as the Grenville crystallines 
(ES, 1988). These rocks are most evident as the Adirondack Mountains to the west of 
the Base. The crystalline rocks underwent periods of folding, faulting, metamorphism, 
and intrusion during the Taconic (Ordovician) and Acadian (Devonian) orogenies. The 
resulting stresses from these orogenies produced extensive folding and faulting during 
the Mesozoic. Additional folding and rifting occurred in the early Jurassic periods, and 
a series of north-south trending fault structures were formed. Unconformably 
overlying the crystallines are Triassic "redbeds" consisting of arkosic sandstone, 
conglomerates, siltstones, and occasional gray shales. The Triassic rocks in the 
Westover ARB area are reddish-brown arkosic sand and siltstones of the Portland 
Formation. Uplift and erosion of the Triassic formations resulted in an unconformity 
between the Portland Formation and overlying Pleistocene glacial sediments. 

The Pleistocene glacial advance reshaped the landscape and deposited poorly sorted 
gravel, sand, silt, and clay mixtures as moraines and till sheets. During the glacial 
retreat, melt waters impounded by glacial deposits and existing topography formed 
several large glacial lakes. The largest of the Pleistocene lakes in the region was 
glacial Lake Hitchcock, which extended from Hartford, Connecticut to Lyme, New 
Hampshire. The lake was as much as 250 feet deep in the Chicopee area (Thomas, 
1987). The resulting sedimentation deposited thick, gray, varved lacustrine clays with 
silt and fine sand laminations. Overlying the lacustrine sediments are fine to coarse 
sands with traces of gravel and silt that were deposited as deltaic outwash deposits as 
glacial Lake Hitchcock drained and filled with sediment. 

The regional hydrogeology of the Westover ARB area consists of three major 
hydrogeologic units. An aquitard composed of lacustrine deposits and till separates the 
shallow deltaic outwash aquifer from the underlying Triassic bedrock aquifer. Both 
aquifers are used to a limited extent for industrial, municipal, and domestic purposes. 
The glacial outwash aquifer ranges in thickness from 25 to 85 feet in the area of the 
Base, and is recharged by infiltration from rain and melting snow (O'Brien and Gere, 
1993). Depth to groundwater is generally 5 to 40 feet bgs and is influenced by surface 
topographic features. Basewide hydraulic conductivities in the shallow aquifer average 
13 feet per day (ft/day) and range from 2.2 to 33 ft/day. 

022/722450/WESTOVER/FINALTS/3 .DOC 3-3 



3.3 SITE GEOLOGY AND HYDROGEOLOGY 

Characterization of the shallow aquifer system at FT-03 has been the objective of 
several investigations. A site visit was conducted by CH2M Hill in 1981 to collect 
information for a Phase I, IRP Records Search. In 1984, Weston Environmental 
performed an investigation for a Phase II Confirmation Study. Subsequent 
investigations by ES (1988), UNC Geotech (1991), and O'Brien and Gere (1994) 
involved the installation of 11 monitoring wells, soil and soil gas sampung, and 
geophysical surveys. A bioventing soil remediation system is also currently being 
operated by O'Brien and Gere. As part of the current TS investigation, five additional 
monitoring wells were installed. 

3.3.1 Lithology and Stratigraphic Relationships 

The shallowest sediments at FT-03 consist of light-colored, fine to medium sands 
that range in thickness from 0 to 20 feet and were classified during a previous 
investigation as disturbed Base fill (ES, 1988). Underlying the surficial soils is a 10- to 
40-foot-thick, well-sorted, interbedded sand and sandy gravel, with some clean coarse 
gravel seams. Below the sand and gravel are layers of fine sand and silty sand. The 
water table is present in these sands at 40 to 45 feet bgs. At approximately 80 feetbgs, 
lacustrine varved silts and clays are present (O'Brien and Gere, 1994). These 
sediments are up to 40 feet thick and consist of silts and clays that form an aquitard. 
Underlying the aquitard unit are the thin glacial till and Triassic bedrock units present 
throughout the Chicopee region. 

To illustrate these stratigraphic relationships, a hydrogeologic section has been 
developed from subsurface data derived from logs of previously installed monitoring 
wells Figure 3.2 shows the location of this section. Figure 3.3 presents 
hydrogeologic section A-A', which is approximately parallel to the direction of 
groundwater flow. 

3.3.2 Groundwater Hydraulics 

3.3.2.1 Flow Direction and Gradient 

Groundwater is located approximately 40 to 45 feet bgs, and the flow direction is to 
the south (Figure 3.4). Previously, the hydraulic gradient was estimated at 0.07 foot 
per foot (ft/ft) using few monitoring wells. However, Parsons ES and O'Brien and 
Gere (1994) groundwater elevation data suggest a less steep gradient of 0.01 ft/ft. A 
summary of historical groundwater measurements is presented in Table 3.1. 

Evidence suggests that significant vertical flow gradients within the shallow aquifer 
are not present at this site. Two monitoring well clusters had shallow wells screened 
across the water table and deep wells screened at least 35 feet below the water table 
Vertical gradients were computed at 0.012 ft/ft downward at TF-2 and -2A, and 0.0021 
ft/ft upward at TF-1 and -1A from 1994 groundwater elevations. Nearly identical 
vertical gradients were estimated from 1996 groundwater elevations. As these 
gradients are small relative to the horizontal gradient and in opposing directions, the 
vertical gradients across the site are considered to be negligible. 
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TABLE 3.1 
SUMMARY OF GROUNDWATER ELEVATION MEASUREMENTS 

Christmas Tree Fire Training Area 
Intrinsic Remediation TS 

Westover ARB, Massachusetts 

Screen Depth to Groundwater 

Well Measurement Interval Water Elevation 

Identification Date (ftbgs)37 (ftbtoc)b/ 

42.26 

(ft msl)c/ 

TF-1 1/23/87 74.0-89.0 196.38 

3/5/87 42.51 196.13 

4/21/87 41.63 197.01 

10/30/88 42.30 196.34 

5/11/95 41.19 197.54 

7/16/96 39.76 198.97 

TF-1 A 1/23/87 35.0-50.0 41.59 196.55 

3/5/87 41.98 196.16 

4/21/87 41.03 197.11 

10/30/88 41.58 196.56 

12/94 40.97 197.18 

5/11/95 40.77 197.46 

7/16/96 39.35 198.88 

TF-2 1/23/87 68.5-83.5 44.74 191.40 

3/5/87 44.92 191.22 

4/21/87 44.02 192.12 

10/30/88 44.49 191.65 

12/94 43.82 192.44 

5/11/95 43.32 192.99 

7/16/96 41.84 194.47 

TF-2 A 1/23/87 37.0-52.0 43.27 191.97 

3/5/87 43.56 191.68 

4/21/87 42.53 192.71 

10/30/88 43.15 192.09 

12/94 42.55 192.82 

5/11/95 42.05 193.36 

7/16/96 40.55 194.86 

TF-3 1/23/87 37.0-52.0 43.14 192.73 

3/5/87 43.35 192.52 

4/21/87 42.64 193.23 

10/30/88 42.91 192.96 

12/94 43.02 192.80 

5/11/95 41.86 194.19 

7/16/96 41.28 194.77 

TF-4 1/23/87 37.0-52.0 43.81 194.41 

3/5/87 43.98 194.24 

4/21/87 43.33 194.89 

10/30/88 43.65 194.57 

5/11/95 42.65 195.69 

7/16/96 41.46 196.88 
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TABLE 3.1 (Concluded) 
SUMMARY OF GROUNDWATER MEASUREMENTS 

Christmas Tree Fire Training Area 
Intrinsic Remediation TS 

Westover ARB, Massachusetts 

Screen Depth to Groundwater 

Well Measurement Interval Water Elevation 

Identification Date (ftbgs)*' (ftbtoc)w .    (ft mslf 

TF-5 12/94 35.0-50.0 42.57 191.40 

5/11/95 41.99 192.04 

7/16/96 40.40 193.63 

TF-6 5/11/95 34.5-77.0 39.95 197.01 

TF-7 10/30/88 38.8-53.8 43.25 190.97 

12/94 44.42 189.94 

5/11/95 43.75 190.64 

5/20/95 43.86 190.53 

7/16/96 42.01 192.38 

TF-8 10/30/88 38.7-53.7 44.19 189.27 

12/94 45.91 187.67 

5/11/95 44.77 188.85 

5/20/95 44.93 188.69 

7/16/96 43.17 190.45 

TF-11 12/94 NA" 43.94 189.59 

5/11/95 43.17 190.49 

5/20/95 43.29 190.37 

7/16/96 41.48 192.18 

TF-12 5/18/95 35.0-45.0 42.08 192.99 

7/16/96 40.66 194.41 

TF-13 5/18/95 35.0-45.0 41.91 192.68 

7/16/96 40.44 194.15 

TF-14 5/18/95 35.0-45.0 41.97 192.04 

7/16/96 40.27 193.74 

TF-15 5/18/95 40.0-50.0 45.07 191.89 

7/16/96 43.38 193.58 

TF-16 5/20/95 40.0-50.0 44.15 190.65 

7/16/96 42.50 192.30 

Note:   A comnlet e round of measure ments could not be collected on 5/20/95 due to 

restricted site access. 
Source: ES, 1988. 

a/ ft bgs = feet below ground surface, 
b/ ft btoc = feet below top of well casing, 
c/ ft msl = feet above mean sea level, 
d/ NA = data not available. 
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3.3.2.2 Hydraulic Conductivity 

Parsons ES estimated the hydraulic conductivity at wells TF-8 and TF-16 using 
falling/rising head slug tests and the methods of Bouwer and Rice (1976) as described 
by Wiedemeier et al. (1995). The results of these slug tests are summarized in 
Table 3 2 The average hydraulic conductivity of the sands at the water table as 
determined from these tests is 3.45 ft/day. On the basis of measurements at wells TF-1 
and TF-2 (Table 2.2), UNC Geotech (1991) estimated the hydraulic conductivities of 
the deeper portions of the aquifer to range from 3.4 to 12 ft/day. 

TABLE 3.2 
1995 SLUG TEST RESULTS 
Christmas Tree Fire Training Area 

Intrinsic Remediation TS 
Westover ARB, Massachusetts 

Well Hydraulic hydraulic 
Conductivity      Conductivity (feet 
(feet/minute) per day) 

FT-8 0.00236 3.41 

FT-16 0.00242 3.50 

Average 0.0024 3.45 

3.3.2.3 Effective Porosity 

Because of the difficulty involved in accurately determining effective porosity, 
accepted literature values for the type of soil comprising the shallow saturated zone 
were used. Walton (1988) gives ranges of effective porosity for sand of 0.1 to 0.35. 
Contrasts in the classification of the aquifer matrix between previous investigations 
have ranged from fine to coarse sand. Because the presence of fines tends to decrease 
the effective porosity, and because lower effective porosity results in higher computed 
advective groundwater velocities, an effective porosity of 0.2 was assumed for this 
project. This is a conservative value because a higher calculated groundwater velocity 
results in a faster rate of contaminant plume migration. 

3.3.2.4 Advective Groundwater Velocity 

The advective velocity of groundwater in the direction parallel to groundwater flow 
is given by: 

V~nedL 
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Where:      v = Average advective groundwater velocity (seepage velocity) [L/T] 
K = Hydraulic conductivity [L/T] (3.45 ft/day) 
dH/dL = Gradient [L/L] (0.01 ft/ft) 
ne = Effective porosity (0.2). 

Using this relationship in conjunction with site-specific data, the average advective 
groundwater velocity at the site in May 1995, was estimated to be 0.173 ft/day, or 
approximately 63.0 feet per year. 

3.3.2.5 Preferential Flow Paths 

A single buried JP-4 supply line is known to cross the site upgradient from the 
former fire training pit (i.e., source area). Past investigations have concluded that 
localized contamination has originated from the fuel line. Furthermore, the relatively 
steep gradient (0.01 ft/ft) and depth of the groundwater table across the site (40 to 45 
feet bgs) may prevent anthropogenic features from affecting preferential groundwater 
flow paths. Natural preferential flow pathways were not identified, although the top of 
silty sand unit is relatively high in the vicinity of monitoring well TF-14, and may limit 
groundwater flow through this area. 

3.3.3 Groundwater Use 

Groundwater in the Westover ARB region is used for public water supply and 
industrial use. ES (1988) reported that groundwater supply wells penetrate into the 
Triassic bedrock aquifer. One nonpotable well, located on the Base approximately 
4,000 feet north (upgradient) of the site, is currently operational. All remaining wells 
at or near the Base have been abandoned in favor of municipal water provided from 
surface water supplies by the city of Chicopee. 

3.4 CLIMATE 

The climate in south-central Massachusetts is typified by cold winters and 
moderately warm summers. The temperatures range from a mean high of 83 degrees 
Fahrenheit (°F) in July to a mean low of 16°F in January. Precipitation averages 42 
inches per year, with the maximum precipitation typically occurring during the months 
of July through September. May is usually the driest month, with a mean precipitation 
total of 2.8 inches. The mean annual wind speed is 6 knots from the south. 
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SECTION 4 

NATURE AND EXTENT OF CONTAMINATION AND SOIL AND 
GROUNDWATER GEOCHEMISTRY 

4.1 SOURCES OF CONTAMINATION 

The discharge of waste fuels and solvents during fire training exercises from 1940 
through 1964 has been identified as the source of environmental contamination at FT- 
03. As no liners or other containment devices were used within the burn pit, a portion 
of the unburned waste fuels and solvents likely percolated into the soils and the 
groundwater following each training exercise. However, neither the frequency of 
training exercises nor the volume of waste fuels and solvents used during exercises is 
known. Full-scale remediation of vadose zone soils contaminated with residual 
petroleum commenced in May 1995, with the installation and operation of a full-scale 
bioventing system. With the exception of the bioventing system, there is no visible 
evidence at the site of the former fire training activities and the associated 
contamination. 

4.2 SOIL CHEMISTRY 

Site soils have been characterized in previous investigations by ES (1988), UNC 
Geotech (1991), and O'Brien & Gere (1994). Borehole locations are presented on 
Figure 4.1. As part of the initial site characterization, ES (1988) analyzed soil samples 
from three boreholes for VOCs (including BTEX and chlorinated solvents) and 
petroleum hydrocarbons. To continue the delineation of the lateral and vertical extent 
of contamination, UNC Geotech (1991) analyzed 57 soil samples from 24 boreholes for 
BTEX oil and grease, and total chromatographable petroleum hydrocarbons (in the 
range of C8 through C32). Results of the UNC Geotech soils investigation are 
summarized in Table 4.1. O'Brien and Gere (1994) expanded the UNC Geotech 
investigation with an additional 27 soil samples collected from 13 boreholes. Samples 
were analyzed for VOCs, semivolatile organic compounds (SVOCs), and total 
petroleum hydrocarbons (TPH). Results of the O'Brien and Gere soil investigation are 
summarized in Table 4.2. 

4.2.1 Soil BTEX and Petroleum Hydrocarbon Contamination 

Historically elevated BTEX concentrations have been detected in soil samples 
collected from the main burn area. The highest detected total BTEX concentration was 
41,700 micrograms per kilogram (ng/kg) in the soil sample collected from borehole 
CTF-5 at 5 feet bgs. The second highest BTEX concentration (4,510 fig/kg) was 
detected in the sample from 15 feet bgs in the same borehole. This sample also 
represents the deepest detected BTEX concentration at the site.  A 20-foot sample with 
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TABLE 4.1 
SOIL ANALYTICAL RESULTS 

Christmas Tree Fire Training Area 
Intrinsic Remediation TS 

Westover ARB, Massachusetts 

Sample 
Sample 
Depth Benezene Toluene 

Ethyl- 
benzene 

Total 
Xylenes 

Total 
BTEX 

Oil and 
Grease 

Total Chromato- 
graphable Hydrocarbons 

Location tftbgs)*' fug/kg)w Oisteg) Oifi/kg) (ug/kg) 

BLQ 

Oig/kg) 

78 

fmg/kg)" <Wkg) 

CTF-1 0 BLQ* 78 BLQ 1000 120000 

CTF-2 0 BLQ 270 530 BLQ 800 13000 3000000 

5 BLQ BLQ BLQ 1100 1100 3900 1500000 

10 BLQ BLQ BLQ BLQ BLQ 120 170000 

15 BLQ BLQ BLQ BLQ BLQ 65 BLQ 

CTF-3 0 BLQ BLQ BLQ BLQ BLQ 7200 3200000 

CTF4 0 BLQ BLQ BLQ BLQ BLQ 91 BLQ 

5 BLQ BLQ BLQ BLQ BLQ 310 9200 

CTF-5 0 BLQ BLQ BLQ BLQ BLQ 640 31000 

5 BLQ BLQ 5700 36000 41700 4700 1300000 

10 BLQ BLQ 440 3000 3440 1300 57000 

15 BLQ BLQ 610 3900 4510 640 49000 

20 BLQ BLQ BLQ BLQ BLQ 19 31000 

CTF-6 0 BLQ BLQ 520 3800 4320 3000 2100000 

7 BLQ 130 BLQ 1800 1930 3700 3000000 

10 74 50 190 380 694 130 320000 

CTF-7 0 BLQ 53 BLQ 160 213 97 6500 

5 BLQ BLQ BLQ BLQ BLQ 10 BLQ 

10 BLQ BLQ BLQ BLQ BLQ 68 2100 

CTF-8 0 BLQ BLQ BLQ BLQ BLQ 37 BLQ 

5 BLQ BLQ BLQ BLQ BLQ 56 12000 

10 BLQ BLQ BLQ BLQ BLQ 5 BLQ 

CTF-9 0 BLQ BLQ 240 980 1220 1800 2800000 

5 61 530 410 3200 4201 2300 1600000 

10 BLQ BLQ BLQ BLQ BLQ 180 14000 

CTF-10 0 BLQ BLQ BLQ BLQ BLQ 190 19000 

5 BLQ BLQ BLQ BLQ BLQ 16 4000 

10 BLQ BLQ BLQ BLQ BLQ 6 BLQ 

CTF-11 0 BLQ BLQ BLQ BLQ BLQ 18 BLQ 

5 BLQ BLQ 900 3500 4400 19 23000 

10 BLQ BLQ 90 290 380 7 BLQ 

CTF-12 0 BLQ BLQ BLQ BLQ BLQ 99 150000 

7 BLQ 360 160 270 790 29 8100 

10 BLQ BLQ BLQ BLQ BLQ 13 BLQ 

CTF-13 0 BLQ 150 BLQ 130 280 155 5200 

5 BLQ BLQ BLQ BLQ BLQ 300 3800 

10 BLQ 66 BLQ BLQ 66 24 BLQ 

CTF-23 20 ND" ND BLQ ND ND 100 ND 
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TABLE 4.1 (Concluded) 
SOIL ANALYTICAL RESULTS 

Christmas Tree Fire Training Area 
Intrinsic Remediation TS 

Westover ARB, Massachusetts 

Sample 
Sample 
Depth Benezene Toluene 

Ethyl- 
benzene 

Total 
Xylenes 

Total 
BTEX 

Oil and 
Grease 

Total Chromato- 
graphable Hydrocarbons 

(ftbgs)*' (Ug/kg)w (ug/kg) Oig/kg) (US/kg) (Ug/kg) (mg/kg)" (Uß/kg) 

CTA-l 3 BLQ BLQ BLQ BLQ BLQ BLQ 8600 

CTA-2 0 BLQ BLQ BLQ BLQ BLQ 160 9800 

3 BLQ BLQ BLQ 380 380 BLQ BLQ 

CTA-3 0 BLQ BLQ BLQ BLQ BLQ 3130 740000 

CTA-4 0 BLQ BLQ BLQ BLQ BLQ 180 7500 

CTA-5 0 BLQ BLQ BLQ BLQ BLQ BLQ 2200 

3 BLQ 160 BLQ BLQ BLQ 170 95000 

5 BLQ 170 BLQ 120 290 2110 650000 

CTA-6 0 BLQ BLQ BLQ BLQ BLQ 60 BLQ 

CTA-7 0 BLQ BLQ BLQ BLQ BLQ BLQ 2400 

5 BLQ BLQ BLQ BLQ BLQ 90 BLQ 

CTA-9 0 BLQ BLQ BLQ BLQ BLQ 110 BLQ 

CTA-l 0 0 BLQ BLQ BLQ BLQ BLQ 50 2500 

TF-7 0 BLQ BLQ ND ND ND ND 25000 

5 BLQ BLQ ND ND ND 100 ND 

10 BLQ 59 ND ND 59 100 ND 

TF-8 0 BLQ BLQ BLQ BLQ BLQ 100 4800 

5 BLQ BLQ BLQ BLQ BLQ ND 7100 

10 BLQ BLQ BLQ BLQ BLQ 100 ND 

Source: UNC Geotech, 1991. 
a/ ft bgs = feet below ground surface, 
b/ jig/kg = micrograms per kilogram, 
c/ mg/kg = milligrams per kilogram, 
d/ BLQ = Below level of quantitation. 
e/ND = Not detected. 
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a total BTEX concentration below the level of quantitation defines the vertical extent of 
contamination at borehole CTF-5. 

Total BTEX concentrations above 1,000 |ig/kg were also observed in sou samples 
collected from boreholes SB-9 and CTF-2, -6, -9, and -11. The contamination detected 
in borehole SB-9 is believed to be associated with the buried JP-4 fuel line northwest or 
the former fire training area (O'Brien and Gere, 1994). The remaining four boreholes 
in conjunction with borehole CTF-5 fall within the areal extent of the burn area for the 
former fire training exercises, as represented by the 1,000-^g/kg contour on Figure 
4 1 The total area of impacted soils is approximated by the 100-|ig/kg contour on 
Figure 4.1. Boreholes CTF-1 and CTA-3 have been included in the contoured areas 
despite low total BTEX concentrations. In both instances, the only analyzed sou 
sample was collected from surface soils, where volatilization of BTEX compounds is 
likely to have occurred. Each sample from these two boreholes also had an oil and 
grease concentration of at least 1,000 milligrams per kilogram (mg/kg). 

With the exception of borehole CTF-5 as described above, the majority of BTEX 
contamination was detected in the top 10 feet of soil. Furthermore, over 84 percent of 
all detected BTEX mass in soil samples has consisted of xylenes. These two conditions 
result from the type and time frame of the fuel release. Fuel constituents are 
concentrated in shallow soils because fuels were released at the site surface resulting 
from fire training exercises. As unburned fuels percolated into the ground, fuel 
constituents sorbed to the organic carbon in the soil, with the highest BTEX 
concentrations sorbing to the shallower soils. Among BTEX compounds, ethylbenzene 
and xylenes are the least volatile and have the strongest sorption coefficients 
(Wiedemeier et al, 1995); therefore, they are the least mobile and most likely to sorb 
to shallow soils. Because the fire training exercises were conducted 30 years ago, the 
more mobile, volatile, and soluble constituents (benzene and toluene) have been 
preferentially removed from the site through the percolation of rainwater and the 
migration of soil gas. High xylenes concentrations are also the result of initial 
concentrations in the source fuel. Over 50 percent of the BTEX in fresh JP-4 consists 
of xylenes. This percentage would be expected to increase with the preferential 
removal of benzene and toluene, which comprise 11 and 30 percent of BTEX in fresh 
JP-4, respectively (Arthur D. Little, 1987). 

The presence of BTEX compounds in shallow sous at FT-03 prompted the Base to 
implement a bioventing soil remediation system in May 1995. To date no additional 
soil samples have been collected to determine the effectiveness of the system 
However, the decrease of groundwater contamination between May 1995 and July 1996 
suggests that bioventing at the site has significantly increased aerobic biodegradation 
processes in soils, resulting in a reduction in the mass of BTEX entering the 
groundwater. 

Elevated concentrations of oil and grease and total chromatographable hydrocarbons 
correlate strongly with elevated concentrations of total BTEX. Concentrations of oil 
and grease in excess of 2,000 mg/kg were detected in soil samples collected from 
boreholes CTF-2, -3, -5, -6, and -9 and CTA-3, and -5 (Table 4.1). Five of these 
boreholes are included in the total BTEX contour of 1,000 ng/kg on Figure 4.1. It is 
suspected that borehole CTF-3 also lies within the 1,000-ng/kg BTEX contour; 
however, the location of this borehole could not be established accurately from past 
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reports. Similarly, concentrations of total chromatographables in excess of 1,000 
mg/kg were detected in soil samples from boreholes CTF-2, -3, -5, -6, and -9. Four 
of these boreholes were included in and one is suspected to lie within the total BTEX 
contour of 1,000 ng/kg on Figure 4.1. 

4.2.2 Soil Chlorinated Solvent Contamination 

Twenty-seven sou samples were collected at FT-03 and analyzed for chlorinated 
solvents by O'Brien and Gere (1994). The only detections of chlorinated solvents were 
below 3 |xg/kg (Table 4.2) and were also detected in an associated blank at similar 
concentrations. None of the 27 samples, however, was collected from the suspected 
area of the former burn pit or the area of impacted soil as defined by the 1,000- or 100- 
ug/kg total BTEX concentration contours shown on Figure 4.1. It is unknown whether 
chlorinated solvents are present in source area soils. 

4.2.3 Total Organic Carbon 

TOC concentrations are used to estimate the amount of organic matter sorbed on soil 
particles or trapped in the interstitial passages of a soil matrix. The TOC concentration 
in the saturated zone is an important parameter used to estimate the amount of 
contaminant that could potentially be sorbed to the aquifer matrix. Sorption results in 
retardation of the contaminant plume migration relative to the average advective 
groundwater velocity. 

Five samples for TOC analysis were collected by the Base drilling subcontractor in 
1995. The samples were taken at the groundwater interface and used in the 
computation of contaminant retardation as a result of sorption. All TOC concentrations 
were below the method detection limit of 1 mg/kg. TOC data are presented in 
Appendix B. 

4.3 GROUNDWATER CHEMISTRY 

Three lines of evidence can be used to document the occurrence of natural 
attenuation: (1) geochemical evidence; (2) documented loss of contaminant mass at the 
field scale; and (3) laboratory microcosm studies. The first two lines of evidence 
(geochemical evidence and documented loss of contaminants) are used herein to support 
the occurrence of natural attenuation, as described in the following sections. Because 
these two lines of evidence strongly suggest that natural attenuation is occurring at this 
site, laboratory microcosm studies were not deemed necessary. 

4.3.1 Dissolved Hydrocarbon and Chlorinated Solvent Contamination 

As a part of previous site investigations, groundwater samples were collected on six 
occasions between 1986 and 1994. The highest BTEX and chlorinated solvent 
concentrations have consistently been detected in groundwater samples from TF-2A, 
with the highest total BTEX concentration [2,820 micrograms per liter (|ig/L)] and the 
highest total chlorinated solvent concentration (130 ng/L of 1,2-DCE) both detected m 
1988 (ES, 1988). Dissolved concentrations of BTEX and chlorinated solvents have 
been detected in groundwater samples from all three wells located downgradient from 
well TF-2A (TF-5, TF-8, and TF-11). Typically, total BTEX concentrations at TF-2A 
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have exceeded concentrations in samples from other site wells by at least an order of 
magnitude Differences in chlorinated solvent concentrations are typically just under 
one order of magnitude. Furthermore, at TF-2A, groundwater BTEX concentrations 
have decreased by almost 1,200 \ig/L since 1989, and 1,2-DCE groundwater 
concentrations at TF-2A also have decreased by approximately 100 ng/L. 

Groundwater samples collected in May 1995 and July 1996, by Parsons ES 
personnel at the previously sampled and newly installed monitoring wells confirmed 
these historical observations. Tables 4.3 and 4.4 summarize groundwater contaminant 
data for the 1995 and 1996 samples. Analytical results from the 1995 TS investigation 
and July 1996 sampling event are discussed in the following subsections. 

4.3.1.1 Dissolved BTEX Contamination 

The areal distributions of total dissolved BTEX in groundwater for May 1995 and 
July 1996 are presented on Figure 4.2. Where nested monitoring wells are present, 
isopleths are drawn using the concentration detected at the well screened across the 
water table. In May 1995, the main body of the plume is centered beneath the southern 
portion of the approximate area of fire training activities, with decreasing BTEX 
concentrations spreading downgradient to the south and south-southwest. The 100- 
Hg/L BTEX isopleth depicts a division of the plume. This division likely results from 
the geologic high in a zone of lower hydraulic conductivity near well TF-14. As 
defined by the estimated position of the 10-ng/L isopleth, the BTEX plume> is 
approximately 630 feet long and 580 feet wide with an approximate area of 249,600 
square feet, or approximately 5.7 acres. 

Well TF-2A is located at the center of the observed BTEX plumes. In May 1995, 
the groundwater sample collected at this location contained both the maximum observed 
total BTEX concentration of 1,657 \ig/L and the maximum observed benzene 
concentration of 5 ng/L. In 1989, BTEX concentrations were 2,690 jig/L and the 
benzene concentration was 6.7 ng/L. BTEX concentrations at the three wells 
immediately downgradient of TF-2A ranged from 60 to 124 |ag/L with benzene 
concentrations of 1.7 to 3.7 \ig/L (Table 4.3). Elsewhere, the total BTEX 
concentrations in shallow wells ranged from 14 ug/L to 88 ug/L, with benzene 
concentrations from below the quantitation limit to 3.5 ug/L. BTEX compounds were 
not detected above quantitation limits in groundwater samples collected at TF-1A, TF- 
4, and TF-15. The decreasing BTEX concentrations within the source area at 
monitoring well TF-2A provide evidence that BTEX mass is being removed through 
natural attenuation processes. 

July 1996 data suggest that the rate of dissolved BTEX attenuation is increasing. 
The observed dissolved BTEX plume in July 1996 is approximately 200 feet long by 
150 feet wide, covering an area of about 30,000 square feet (2/3 of an acre). Only 
sampling locations TF-2A, 468.9 ^ig/L, and TF-5, 1.2 ug/L, had detectable 
concentrations of dissolved total BTEX. These observed concentrations represent 72 
percent and 97 percent decreases in total dissolved BTEX concentrations in TF-2A and 
TF-5, respectively, since the May 1995 TS investigation. On a percentage basis, the 
magnitude of these decreases are approximately twice those observed for the entire 6 
years between 1989 and 1995. At all remaining locations where dissolved BTEX was 
detected in 1995, the 1996 results represent a 100 percent decrease. Because the only 
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significant change in the site is the installation and operation of the bioventing system, 
the conclusion can be drawn that the addition of oxygen to contaminated soils is not 
only increasing aerobic biodegradation processes in the soil, but also substantially 
reducing the amount of contaminant mass migrating from the soils into the 
groundwater. 

In May 1995, vertical extent samples were collected from the two wells screened 
approximately 35 feet below the top of the water table (TF-1 and TF-2). While total 
BTEX concentrations in excess of 100 ng/L were detected in both samples, the 
contamination was believed to originate from an alternate source for the following 
reasons: 

• Well TF-1 is located upgradient from the former fire training area, and dissolved 
fuel constituents have not been detected in the shallow well, TF-1A, clustered 
with TF-1. Given the groundwater gradient at the site and the lack of a shallow 
source at this upgradient location, contamination would have to migrate over 4 
feet vertically upgradient from the identified source area to TF-1. 

. The fuel signatures for the samples from TF-1 and TF-2 are nearly identical. In 
other words, groundwater samples from TF-1 and TF-2 contain similar isomers 
of TMB and TEMB and similar concentration ratios of all measured dissolved 
fuel constituents. The signatures at other wells are less similar. 

. Chlorinated solvents were not detected in groundwater samples from either deep 
well; however, they were detected at TF-2A, the water table well clustered with 
TF-2. If BTEX, light non-aqueous phase liquids (NAPL), are migrating 
vertically downward through the groundwater at the source area, then chlorinated 
solvents, dense NAPL, would be expected also to migrate vertically downward. 
Typically chlorinated solvents also have lower sorption coefficients and are 
therefore more mobile than BTEX compounds. 

These trends pointed to one of two possibilities: 1) consistent external sample 
contamination during sampling, handling, or analysis or 2) an upgradient source. 
Therefore, resampling of these two deep locations was recommended to determine if 
these anomalous concentrations would persist through time. The July 1996 sampling 
results from monitoring wells TF-1 and TF-2 confirm that dissolved fuel constituents 
are not present in deep groundwater, (i.e., dissolved BTEX data from May 1995 from 
these two wells is not valid) and also dispel any theories that an unknown upgradient 
source exists for deep groundwater contamination. 

The distribution of total fuel carbons in site groundwater for both May 1995 and 
July 1996 are presented on Figure 4.3. Where nested wells are present, isopleths are 
drawn using the concentration detected at the well screened across the water table. The 
distribution of fuel carbons is similar to the distribution of BTEX compounds presented 
on Figure 4.2. Dissolved fuel carbons were detected at the same locations where 
dissolved BTEX compounds were detected. At no location were fuel carbons detected 
and BTEX compounds not detected. In May 1995, total fuel carbon concentrations 
ranged from less than 1 to 2,580 ng/L. For the same reasons previously given for 
BTEX contamination, the fuel carbon concentrations from the May 1995 sampling 
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event at TF-1 and TF-2 are considered invalid. In July 1996, the two detected 
concentrations of fuel carbons were 1,040 /xg/L (TF-2A), and 16.4 jig/L (TF-5). 
Decreases in total fuel carbon concentration from May 1995 to July 1996 are of the 
same magnitude found in dissolved BTEX concentrations. This suggests that fuel 
compounds, other than BTEX, have been degraded at similar rates to those observed 
for the BTEX compounds. 
4.3.1.2 Dissolved Chlorinated Solvent Contamination 

The areal extents of total dissolved chlorinated solvents detected in groundwater for 
May 1995 and July 1996 are presented on Figure 4.4. During both sampling rounds 
both cis-l,2-DCE and TCE were detected. The only other detection of a CAH during 
either sampling round was a single concentration of tetrachloroethene (1.5 /tgL) from 
TF-3 in 1996. The concentrations of individual chlorinated solvents, ethene, and 
ethane are presented in Table 4.4. Dissolved chlorinated solvents were not detected 
above the quantitation limit in either deep well (TF-1 and TF-2) during either sampling 
round. 

In May 1995, the chlorinated solvent plume was approximately 500 feet long and 
350 feet wide as defined by the l-/*g/L isopleth. The plume source area corresponds to 
the BTEX source, however the plume is smaller than the BTEX plume. The estimated 
extent of the plume covered a total area of approximately 97,600 square feet, or 
approximately 2.2 acres. The maximum observed total chlorinated solvent 
concentration was 31.9 ng/L, in the sample collected from monitoring point TF-2A. 
Chlorinated solvent concentrations at the three wells immediately downgradient of TF- 
2A ranged from 1.8 to 12.8 \ig/L. Elsewhere, total chlorinated solvents ranged from 
below quantitation levels to 9.1 ng/L. The CAH cis-l,2-DCE was detected at the 
highest concentrations and at the largest number of locations. Approximately 85 
percent of detected dissolved CAH mass was cis-l,2-DCE; the remaining 15 percent 
was TCE 

Concentrations measured in July 1996 indicated that the chlorinated solvent plume 
had decreased in both size and concentration from the previous sampling round in May 
1995. The July 1996 chlorinated plume was approximately 550 feet long by 75 feet 
wide, 41,300 square feet, or 0.9 acres with a maximum total chlorinated solvent 
concentration of 4.7 ng/L measured at TF-3. At several other sampling locations, 
chlorinated solvent compounds were detected at low (<4 |ig/L) or non-quantifiable 
(< 1 jig/L) concentrations. 
4.3.2 Inorganic Chemistry and Geochemical Indicators of BTEX Biodegradation 

Numerous laboratory and field studies have shown that hydrocarbon-degrading 
bacteria can participate in the degradation of many of the chemical components of jet 
fuel and gasoline, including the BTEX compounds (e.g., Jamison et al, 1975; Atlas, 
1981 1984, 1988; Gibson and Subramanian, 1984; Reinhard et al, 1984; Young, 
1984; Bartha, 1986; Wilson et al, 1986, 1987, and 1990; Barker et al, 1987; 
Baedecker et al, 1988; Lee, 1988; Chiang et al, 1989; Grbic-Galic, 1989 and 1990; 
Cozzarelli et al, 1990; Leahy and Colewell, 1990; Altenschmidt and Fuchs, 1991; 
Alvarez and Vogel, 1991; Baedecker and Cozzarelli, 1991; Ball et al, 1991; Bauman, 
1991- Borden, 1991; Brown et al, 1991; Edwards et al, 1991 and 1992; Evans et al, 
1991a and 1991b; Haag et al, 1991; Hutchins and Wilson, 1991; Hutchms et al, 
1991a and 1991b; Beller et al, 1992; Bouwer, 1992; Edwards and Grbic-Galic, 1992; 
Edwards et al, 1992; Thierrin et al, 1992; Malone et al, 1993; Davis et al, 1994). 
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Biodegradation of fuel hydrocarbons can occur when an indigenous population of 
hydrocarbon-degrading microorganisms is present in the aquifer and sufficient 
concentrations of electron acceptors and nutrients, including fuel hydrocarbons, are 
available to these organisms. 

Microorganisms obtain energy for cell production and maintenance by facilitation of 
thermodynamically advantageous reduction/oxidation (redox) reactions involving the 
transfer of electrons from electron donors to available electron acceptors. This results 
in the oxidation of the electron donor and the reduction of the electron acceptor. 
Electron donors at FT-03 include natural organic carbon and fuel hydrocarbon 
compounds. Fuel hydrocarbons are completely degraded or detoxified if they are 
utilized as the primary electron donor for microbial metabolism (Bouwer, 1992). 
Electron acceptors are elements or compounds that occur in relatively oxidized states, 
and include DO, nitrate, ferric iron, sulfate, and carbon dioxide. 

The driving force of BTEX degradation is electron transfer, which is quantified by 
the Gibbs free energy of the reaction (AG°r) (Stumm and Morgan, 1981; Bouwer, 
1994- Godsey, 1994). The value of AG°r represents the quantity of free energy 
consumed or yielded to the system during the reaction. Table 4.5 lists stoichiometry of 
the redox equations involving BTEX and the resulting AG°r. Although 
thermodynamically favorable, most of the reactions involved in BTEX oxidation cannot 
proceed abiotically because of the lack of activation energy. Microorganisms are 
capable of providing the necessary activation energy; however, they will facilitate only 
those redox reactions that have a net yield of energy (i.e., AG°r<0). Microorganisms 
preferentially utilize electron acceptors while metabolizing fuel hydrocarbons (Bouwer, 
1992) DO is utilized first as the prime electron acceptor. After the DO is consumed, 
anaerobic microorganisms typically use electron acceptors (as available) in the 
following order of preference: nitrate, ferric iron hydroxide, sulfate, and finally 
carbon dioxide. Because the biodegradation of fuel hydrocarbons should deplete the 
concentrations of these electron acceptors, construction of isopleth maps depicting their 
concentrations can provide evidence of whether biodegradation is occurring, and the 
degree to which it is occurring. 

Depending on the types and concentrations of electron acceptors present (e.g., 
nitrate, ferric iron, sulfate, carbon dioxide), pH conditions, and redox potential, 
anaerobic biodegradation can occur by denitrification, ferric iron reduction, sulfate 
reduction, or methanogenesis. Other, less common anaerobic degradation mechanisms 
such as manganese or nitrate reduction may dominate if the physical and chemical 
conditions in the subsurface favor use of these electron acceptors. Anaerobic 
destruction of BTEX compounds is associated with the accumulation of fatty acids, 
production of methane, solubilization of iron, and reduction of nitrate and sulfate 
(Cozzarelli et al, 1990; Wilson et al, 1990). Environmental conditions and microbial 
competition will ultimately determine which processes will dominate. Vroblesky and 
Chapelle (1994) show that the dominant terminal electron accepting process can vary 
both temporally and spatially in an aquifer with fuel hydrocarbon contamination. 

Site groundwater data for electron acceptors at FT-03 indicate that intrinsic 
remediation of hydrocarbons in the shallow aquifer may be occurring by aerobic 
respiration ferric iron reduction, denitrification, sulfate reduction, and 
methanogenesis. This is evidenced by significant changes in groundwater geochemistry 
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TABLE 4.5 
COUPLED OXIDATION REACTIONS FOR BTEX COMPOUNDS 

Christmas Tree Fire Training Area 
Intrinsic Remediation TS 

Westover ARB, Massachusetts 

Coupled Benzene Oxidation Reactions 
AG°r 

(kcal/mole 
Benzene) 

AG°r 

(kJ/mole 
Benzene) 

Stoichiometric Mass 
Ratio of Electron 

Acceptor to 
Compound 

7.502  + C6H6  =* 6C02,g  + 3H20 
Benzene oxidation /aerobic respiration 

-765.34 -3202 3.07:1 

6NO3 + 6H+ + CsHe => 6C02,g + 6H2O + 3N2,g 
Benzene oxidation / denitriflcation 

-775.75 -3245 4.77:1 

3.75 N03' + CsH« + 7.5 H+ + 0.75 H20 => 6 CCh +3.75 NH4+ 

Benzene oxidation /nitrate reduction 
-524.1 -2193 2.98:1 

60H+ + 30Fe(OH)3a + C6H6  => 6CO2 + 30Fe2+ + 78H20 

Benzene oxidation 1 iron reduction 

-560.10 -2343 21.5:1" 

1SH* + 3.75S02/ + C6H6 => 6C02.g + 3.1f>H2S° + ,iH20 
Benzene oxidation 1 sulfate reduction 

-122.93 -514.3 4.61:1 

4.5H20 + C6H6^>2.25C02,g  + 3.75CH4 

Benzene oxidation 1 methanogenesis 

-32.40 -135.6 0.77:1u' 

Coupled Toluene Oxidation Reactions 
AG°r 

(kcal/mole 
Toluene) 

AG°r 

(kJ/mole 
Toluene) 

Stoichiometric Mass 
Ratio of Electron 

Acceptor to 
Compound 

902  + C6HsCH3  => 7COt,  + 4H20 
Toluene oxidation /aerobic respiration 

-913.76 -3823 3.13:1 

7.2NOS  +7.2H+ + C6HsCH)   =>7CO,,g  +Z6H2O +3.6N2.g 

Toluene oxidation 1 denitrification 

-926.31 -3875 4.85:1 

4.SNOJ + 9H+ + 0.SH2O + CflsCH} => 7C02 + 4.5NHS 
Toluene oxidation /nitrate reduction 

-624.24 -2609 3.03:1 

72H* +36Fe(OH)3i„ + CeHsCH}  => 7C02 + 36Fe2+ + 94H20 

Toluene oxidation 1 iron reduction 

-667.21 -2792 21.86:1" 

9H+ + 4.5SO$  + CtHsCH,  =>  7C02,S  + 4.5H2S"  + 4H20 
Toluene oxidation 1 sulfate reduction 

-142.86 -597.7 4.7:1 

5H20 + CfHsCHs  => 2.5C02,g  +4.5CH4 

Toluene oxidation 1 methanogenesis 

-34.08 -142.6 0.78:1"' 
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TABLE 4.5 
COUPLED OXIDATION REACTIONS FOR BTEX COMPOUNDS 

Christmas Tree Fire Training Area 
Intrinsic Remediation TS 

Westover ARB, Massachusetts 

Coupled Ethylbenzene Oxidation reactions 

lO.SOi + C6HsC2Hi  => 8COig  + 5H20 

Ethylbenzene oxidation /aerobic respiration 

8.4N03  + 8.4H+ + C6H5C2Hs  => 8COz,g  + 9.2H20 + 4.2Ni„ 
Ethylbenzene oxidation Idenitrification 

5.25NO, + 10.5IT + O.Z5H20 + Cfl5C2Hs => 8C02 + 5.25NH4' 
Ethylbenzene oxidation /nitrate reduction 

84H+ + 42Fe(OH)3,a + C6HsC2Hs => 8C02 + 42Fe2+ + U0H2O 

Ethylbenzene oxidation I iron reduction 

10.5H+ +5.25SOI-  + C6HsC2Hs  => 8C02.g  + 5.25H2S°  + 5H20 

 Ethylbenzene oxidation I sulfate reduction 

5.5H20 + C6HsC2Hs => 2.75C02,g + 5.25CH4 

 Ethylbenzene oxidation I methanogenesis 

AG°r 

(kcal/mole 
Ethyl- 

benzene) 

-1066.13 

-1080.76 

-746.04 

-778.48 

-166.75 

-39.83 

AG°r 

(kJ/mole 
Ethyl- 

benzene) 

-4461 

-4522 

-3118 

-3257 

-697.7 

-166.7 

Stoichiometric Mass 
Ratio of Electron 

Acceptor to 
Compound 

3.17:1 

4.92:1 

3.07:1 

4.75:1 

0.79:1 

Coupled m-Xylene Oxidation Reactions 

10.5O2 + C6H4(CHi)2  => 8C02,g  +5H20 
m-Xylene oxidation /aerobic respiration 

8C02lg 8.4NO-,  +8.4H+ + C6H4(CH3)2  => 8C02.g  +9.2H20 + 4.2N2.g 

m-Xylene oxidation I denitrification  
" > 8C02 + 5.25NH4

r 
5.25NO/ + 10.5IT + 0.25H2O + CfßJCHfo ■ 

m-Xylene oxidation /nitrate reduction 

84H+ +42Fe(OH)la + CtH4(CH3)2 => 8C02  + 42Fe2* + HOHiO 

m-Xylene oxidation /iron reduction 

10.5H+ +5.25SOI- + CtH4(CH3)2  => 8C02.g  +5.25H2S°  + 5H20 

m-Xylene oxidation /sulfate reduction 

5.5H20 + C6H4(CH3)2  => 2.75C02,g  +5.25CH, 

 m-Xylene oxidation I methanogenesis 

AG°r 

(kcal/mole 
zn-xylene) 

^ mass of ferrous iron produced during microbial respiration. 
b/ mass of methane produced during microbial respiration. 

4-18 

-1063.25 

-1077.81 

-743.52 

-775.61 

-163.87 

-36.95 

AG°r 

(kJ/mole 
m-xylene) 

-4448 

-4509 

-3108 

-3245 

-685.6 

-154.6 

Stoichiometric Mass 
Ratio of Electron 

Acceptor to 
Compound 

3.17:1 

4.92:1 

3.07:1 

22:1" 

4.75:1 

0.79:1 
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in comparison to background conditions. Areas of the site that show the greatest 
variation in concentrations of geochemical parameters generally correspond well with 
areas of low redox potential and high BTEX concentrations. Table 4.6 summarizes 
groundwater geochemical data gathered during the May 1995 intrinsic remediation site 
investigation and the July 1996 groundwater sampling event at Westover ARB. 
Geochemical parameters for site FT-03 are discussed in the following sections. 

In the following sections, the assumption that BTEX can be treated as a given ratio 
of the constituent compounds has been made for two important reasons. First, 
biodegradation rates of each of the compounds are very similar to each other. Second, 
while degradation pathways are relatively well know for fuel hydrocarbons, the 
preferential degradation of one BTEX compound over another is difficult to predict 
from site to site, spatially or temporally. In order to avoid making inaccurate 
conclusions on which BTEX compounds are degraded when or where in any given 
groundwater system the compounds are treated as a ratio. This ratio provides a basis 
for more reliable conclusions about the spatial and temporal biodegradation of BTEX as 
one contaminant. 

4.3.2.1 Dissolved Oxygen 

DO concentrations were measured at monitoring wells at the time of groundwater 
sampling during the May 1995 and July 1996 sampling events. Table 4.6 summarizes 
measured DO concentrations. Figure 4.5 presents two isopleth maps showing the 
distribution of DO concentrations in groundwater in May 1995 and July 1996. These 
data are a strong indication that aerobic biodegradation of the BTEX compounds is 
occurring at the site. In May 1995, high background DO concentrations were 
measured at monitoring well TF-1A [10.43 milligrams per liter (mg/L)]; therefore, it is 
likely that DO is an important electron acceptor at FT-03. Within the area 
characterized by BTEX concentrations in excess of 100 ng/L in shallow wells, DO 
concentrations ranged from 3.72 mg/L to 0.18 mg/L (TF-13 and -2A respectively). 
DO levels measured outside or on the margin of the plume ranged from 4.86 mg/L to 
11.19 mg/L. In July 1996, DO concentrations were still reasonably high; however, 
groundwater DO concentrations in site wells, in general, increased by 0.9 to 5.8 mg/L. 
The more significant increases in DO concentrations were all observed on the west side 
of the contaminant plume centerline, where the dissolved BTEX concentrations were 
completely attenuated between May 1995 and July 1996. The increase in DO is 
attributed to recovery of the aquifer, to normal background conditions, following 
depletion of the dissolved BTEX in the aquifer. The disappearance of dissolved BTEX 
on the west side of the site is attributed to the elimination of the source through 
bioventing. Although the bioventing effort has focused on the west side of the site, 
influence from the system is observed on the east side of the site, through dissolved 
contaminant concentration decreases and changing geochemistry. 

The stoichiometry of BTEX mineralization to carbon dioxide and water caused by 
aerobic microbial biodegradation is presented in Table 4.5. The average mass ratio of 
oxygen to total BTEX is approximately 3.14 to 1. This translates to the mineralization 
of approximately 0.32 mg of BTEX for every 1.0 mg of DO consumed. With an 
assumed background DO concentration of 10.43 mg/L in May 1995, the shallow 
groundwater at this site has the capacity to assimilate approximately 3.2 mg/L 
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(3,200 ng/L) of total BTEX through aerobic biodegradation. In July 1996, a 
background DO concentration of 8.44 mg/L, suggests the site has the capacity to 
assimilate approximately 2.7 mg/L (2,700 ng/L) These are conservative estimates of 
the expressed assimilative capacity of DO because microbial cell mass production is not 
taken into account by the stoichiometry presented in Table 4.5. 

When cell mass production is accounted for, the mineralization of benzene to carbon 
dioxide and water is given by: 

QHs + 2.502 + HC03 + NH4 -> C5H702N + 2C02 + 2H20 

From this it can be seen that 5 fewer moles of DO are required to mineralize 1 mole of 
benzene when cell mass production is taken into account. On a mass basis, the ratio of 
DO to benzene is given by: 

Benzene 6(12) + 6(1) = 78 gm 

Oxygen 2.5(32)= 80 gm 

Mass Ratio of Oxygen to Benzene = 80/78 = 1.03:1 

On the basis of these stoichiometric relationships, 1.03 mg of oxygen is required to 
mineralize 1 mg of benzene. Similar calculations can be made for toluene, 
ethylbenzene, and the xylenes. On the basis of these calculations, approximately 
0.95 mg of BTEX is mineralized to carbon dioxide and water for every 1.0 mg of DO 
consumed. With a maximum background DO concentration of approximately 10 mg/L, 
the shallow groundwater at this site had the capacity to assimilate 9.5 mg/L (9,500 
Hg/L) of total BTEX if microbial cell mass production is taken into account. Assuming 
a background DO concentration of approximately 8.4 mg/L, and taking into account 
mass cell production, the shallow groundwater in July 1996 has the capacity to 
assimilate 8.0 mg/L (8,000 ng/L) of total BTEX. 

4.3.2.2 Nitrate/Nitrite 

Concentrations of nitrate and nitrite [as nitrogen (N)] were measured in groundwater 
samples collected in May 1995 and July 1996. Table 4.6 summarizes measured 
nitrate/nitrite (as N) concentrations. Figure 4.6 presents two isopleth maps illustrating 
the areas of low nitrate/nitrite concentrations for both sampling events. Nitrate/nitrite 
was detected in site groundwater at concentrations ranging from 0.07 mg/L within the 
plume, to 3.88 mg/L at the plume boundaries in May 1995 and from less than 0.05 
mg/L to 7.31 mg/L in 1996. The data suggest that, in general, reduced nitrate/nitrite 
concentrations correspond to areas of groundwater BTEX contamination, and that 
nitrate is an important electron acceptor at this site. Small anomalies to this trend occur 
in the July 1996 data at two downgradient locations. This may be a shadowing effect 
caused by use of the electron acceptor at an upgradient location. In time and as 
dissolved BTEX concentrations are entirely degraded, nitrate concentrations are likely 
to recover at these locations by replenishment from upgradient groundwater. 
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In the absence of microbial cell production, the stoichiometry of BTEX 
mineralization to carbon dioxide, water, and nitrogen caused by denitrification is 
presented in Table 4.5. The average mass ratio of nitrate to total BTEX is 
approximately 4.9 to 1. This translates into the mineralization of approximately 0.20 
mg of BTEX for every 1.0 mg of nitrate consumed. Due to the variation of 
nitrate/nitrite levels between the BTEX plume boundaries and the background well, a 
background nitrate/nitrite concentration of 2.0 mg/L was assumed for both sampling 
events. Since the nitrate concentrations are reported as mg/L as N, the values must be 
multiplied by 4.42 to be converted to mg/L as N03", hence 2.0 mg/L as N is equivalent 
to 8 84 mg/L as N03". Therefore, the shallow groundwater at this site has the capacity 
to assimilate 1.77 mg/L (1,770 |xg/L) of total BTEX during denitrification. This is a 
conservative estimate of the expressed assimilative capacity of nitrate, for May 1995 
and July 1996, because microbial cell mass production has not been taken into account 
by the stoichiometry presented in Table 4.5. 

4.3.2.3 Ferrous Iron 

Ferrous iron (Fe2+) concentrations were measured in groundwater samples collected 
in May 1995 and July 1996. Table 4.6 summarizes ferrous iron concentrations. 
Measured ferrous iron concentrations ranged from <0.1 mg/L to 600 mg/L and 
<0.05 mg/L to 23.5 mg/L in May 1995 and July 1996, respectively. Figure 4.7 
presents two isopleth maps showing the distribution of ferrous iron in groundwater. 
Comparison of Figures 4.2, 4.5, and 4.7 indicates that ferrous iron is being^produced 
in the area of the BTEX plume via the reduction of ferric iron hydroxide (Fe +) during 
anaerobic biodegradation of BTEX compounds. Background ferrous iron 
concentrations are <0.1 mg/L, as measured at wells with little or no BTEX 
contamination. Groundwater from monitoring well TF-2A, which had the highest 
BTEX concentration in both sampling events, also had the highest concentration of 
ferrous iron at 600 mg/L in May 1995 and 23.5 mg/L in July 1996. These 
relationships are a strong indication that anaerobic biodegradation of BTEX compounds 
is occurring through iron reduction. However, according to July 1996 data, iron 
reduction does not appear to be an important electron acceptor in any area other than 
groundwater near TF-2A. Furthermore, the importance of iron as an electron acceptor 
at TF-2A has declined as falling dissolved BTEX concentrations has resulted in a lower 
demand for all electron acceptors. 

The stoichiometry of BTEX oxidation to carbon dioxide, ferrous iron, and water by 
iron reduction through anaerobic microbial biodegradation is presented in Table 4.5. 
On average 37.5 moles of ferric iron hydroxide are required to metabolize one mole of 
total BTEX. Conversely, an average of 37.5 moles of ferrous iron are produced for 
each mole of total BTEX consumed. On a mass basis, this translates to approximately 
21.8 mg ferrous iron produced for each 1 mg of total BTEX metabolized. Given a 
background ferrous iron concentration of < 0.1 mg/L and a maximum ferrous iron 
concentration of 600 mg/L, the shallow groundwater in May 1995 had the capacity to 
assimilate approximately 27.5 mg/L (27,500 ^ig/L) of total BTEX through iron 
reduction. In July 1996, using an assumed background ferrous iron concentration of 
<0.05 mg/L and a maximum ferrous iron concentration of 23.5, the shallow 
groundwater capacity to assimilate total BTEX has dropped to 1.08 mg/L or 1,080 
Hg/L. These are conservative estimates of the expressed assimilative capacity of iron 
because microbial cell mass production was not taken into account by the stoichiometry 
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shown on Table 4.5. In addition, this calculation is based on observed ferrous iron 
concentrations and not on the amount of ferric hydroxide available in the aquifer. 
Therefore, iron assimilative capacity could be much higher. The significant decrease in 
ferrous iron concentrations is indicative of the effects that bioventing has on the 
groundwater geochemistry through elimination of the source of dissolved BTEX, i.e., 
contaminated soils. 

Recent evidence suggests that the reduction of ferric iron to ferrous iron cannot 
proceed at all without microbial mediation (Lovley and Phillips, 1988; Lovley et ah, 
1991- Chapelle 1993). None of the common organic compounds found m low- 
temperature, neutral, reducing groundwater could reduce ferric oxyhydroxides to 
ferrous iron under sterile laboratory conditions (Lovley et al, 1991). This means that 
the reduction of ferric iron requires microbial mediation by microorganisms with the 
appropriate enzymatic capabilities. Because the reduction of ferric iron cannot proceed 
without microbial intervention, the elevated concentrations of ferrous iron that were 
measured in the contaminated groundwater at the site are very strong indicators of 
microbial activity. 

4.3.2.4 Sulfate 

Sulfate concentrations were measured in groundwater samples collected in May 1995 
and Jury 1996. Sulfate concentrations at the site ranged from 6.1 mg/L to 52.8 mg/L 
in May 1995 and from 4.15 mg/L to 436 mg/L in July 1996. Table 4.6 summarizes 
measured sulfate concentrations. Figure 4.8 presents two maps illustrating the 
distribution of sulfate in groundwater. Although sulfate reduction is likely occurring at 
the core of the BTEX plume, the variability of sulfate concentrations throughout the 
site makes it difficult to evaluate the magnitude of the reduction in sulfate 
concentrations. 

The stoichiometry of BTEX mineralization to carbon dioxide, sulfur, and water by 
sulfate reduction through anaerobic microbial biodegradation is presented in Table 4 5. 
The average mass ratio of sulfate to total BTEX is approximately 4.7 to 1. This 
translates to the mineralization of approximately 0.21 mg of total BTEX for every 1.0 
mg of sulfate consumed. Because of the variability in site sulfate concentrations and to 
be conservative, an assimilative capacity based on sulfate reduction was not calculated. 

4.3.2.5 Methane 

Methane concentrations were measured in groundwater samples collected in May 
1995 and July 1996 Table 4.6 summarizes methane concentrations. For May 1995, 
the majority of methane concentrations are < 0.003 mg/L (the analytical quantitation 
limit) The highest methane concentration (0.18 mg/L) was detected in the center of 
the piume at monitoring well TF-2A. The only other detected concentrations of 
methane, 0.003 mg/L and 0.004 mg/L were measured at TF-5 and TF-11 respectively, 
both located immediately downgradient from well TF-2A. In July 1996, measurable 
concentrations of methane were observed only in TF-2A (0.006 mg/L); at aü other 
sampling location methane concentrations were below the analytical quatitation limit ot 
0.001 mg/L. 
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The stoichiometry of BTEX oxidation to carbon dioxide and methane by 
methanogenesis is presented in Table 4.5. On average, approximately 1 mg of total 
BTEX is mineralized for every 0.78 mg of methane produced. Given a maximum 
detected methane concentration of 0.18 mg/L in May 1995, the shallow groundwater 
has the capacity to assimilate approximately 0.23 mg/L (230 ^ig/L) of total BTEX 
through methanogenesis. In July 1996, a maximum detected methane concentration of 
0.006 mg/L correspond to an assimilative capacity of less than 10 ng/L of total BTEX 
for the shallow groundwater. Although this estimate is conservative for several 
reasons, it is clear that methanogenesis is not an important process at this site. 
Nevertheless, it is important to note that the site supports microbial populations that are 
capable of creating methane reducing conditions in the presence of fuel hydrocarbon 
contamination. 

4.3.2.6 Reduction/Oxidation Potential 

Redox potentials were measured at groundwater monitoring wells in May 1995 and 
July 1996. These measurements are summarized in Table 4.6. Redox potential is a 
measure of the relative tendency of a solution to accept or transfer electrons. The 
redox potential of a groundwater system depends on which electron acceptors are being 
reduced by microbes during BTEX oxidation. The shallow groundwater redox 
potential for May 1995 ranged from -39.8 millivolts (mV) at well TF-2A to 197.4 mV 
at well TF-3. In July 1996 redox potentials ranged from -159 mV at TF-2A to 300 mV 
at TF-1A. Figure 4.9 presents two isopleth maps comparing redox potentials for May 
1995 and July 1996. As expected, areas at the site with low redox potentials coincide 
with areas of high BTEX contamination, low DO, nitrate, and sulfate concentrations, 
and elevated ferrous iron levels (compare Figure 4.9 with Figures 4.2, 4.5, 4.6, 4.7, 
and 4.8). 

The redox potentials measured at the site are higher than the theoretical optimum 
redox potentials for various electron acceptor reactions (Norris et al., 1994). This 
discrepancy is a common problem associated with measuring oxidizing potential using 
field instruments. It is likely that the platinum electrode probes are not sensitive to 
some of the redox couples (e.g., sulfate/sulfide). Many authors have noted that field 
measured redox data alone cannot be used to reliably predict the electron acceptors that 
may be operating at a site (Stumm and Morgan, 1981; Godsey, 1994; Lovley et al., 
1994). Integrating redox measurements with analytical data on reduced and oxidized 
chemical species allows a more thorough and reasonable interpretation of which 
electron acceptors are being used to biodegrade site contaminants. 

4.3.2.7 Volatile Fatty Acids 

In May 1995, a groundwater sample was collected at TF-2A and analyzed for 
volatile fatty acids. This test is a gas chromatography/mass spectrometry (GC/MS) 
method wherein the samples are compared to a standard mixture containing a total of 
58 phenols, aliphatic acids, and aromatic acids. Compounds in the standard mixture 
are generally associated with microbial processes that break down petroleum 
hydrocarbons. USEPA researchers reported that the sample from TF-2A contained 17 
of the compounds in the standard mixture at concentrations above the detection limit of 
5 ng/L.   However, because of a procedural error, the quantitation of 12 phenols and 
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creosols was not possible, resulting in a possible maximum of 46 rather than 58 
compounds that could be detected. 

4.3.2.8 Alkalinity 

Alkalinity is a measure of the ability of groundwater to buffer changes in pH caused 
by the addition of biologically generated acids. Total alkalinity (as calcium carbonate) 
was measured in groundwater samples from 20 to 320 mg/L, in May 1995, and from 
20 to 134 mg/L in July 1996. These measurements are summarized in Table 4.6 and 
presented as two isopleth maps on Figure 4.10. Comparison with the BTEX plume 
(Figure 4.2) reveals a correlation between the elevated alkalinity isopleths and the 
groundwater BTEX plume. The increase in alkalinity in the areas of groundwater 
BTEX contamination is in response to increased carbon dioxide levels which are a 
product of BTEX biodegradation (Morell and Hering, 1993). Frequently, an increase 
in alkalinity resulting from biological activity is difficult to observe because the 
magnitude of the change is low compared to background levels. Because the 
background alkalinity is low at FT-03, the correlation is easily observed for both May 
1995 and July 1996 data. In July 1996, the elevated alkalinity downgradient from the 
dissolved fuel hydrocarbon contamination is a shadow effect, resulting from 
groundwater migration and the rapid contraction in the size of the dissolved BTEX 
plume. 

4.3.2.9 Carbon Dioxide in Groundwater 

Groundwater carbon dioxide (C02) measurements were collected from site 
monitoring wells in May 1995 and July 1996. Table 4.6 summarizes the groundwater 
carbon dioxide measurements and Figure 4.11 illustrates the carbon dioxide 
concentrations present at FT-03 for May 1995 and July 1996. Carbon dioxide is 
produced in the plume area as a byproduct of aerobic respiration, demtrification, iron 
reduction, sulfate reduction, and methanogenesis (Table 4.5). Comparison of the area 
of elevated carbon dioxide on Figure 4.11 with Figures 4.5, 4.6, 4.7, and 4.8 supports 
the inferred biodegradation of BTEX. July 1996 data shows more elevated carbon 
dioxide concentrations downgradient from observed dissolved BTEX contamination. 
Like alkalinity, these elevated concentrations are a probable shadow effect. 

4.3.2.10 pH 

The pH of a solution is the negative logarithm of the hydrogen ion concentration 
[H+]. pH was measured for groundwater samples collected from groundwater 
monitoring wells in May 1995 and July 1996. Measurements performed by both 
Parsons ES and the USEPA are summarized in Table 4.6. Parsons ES measured 
groundwater field pH at the site across a range of 6.00 to 6.63 and 6.10 to 7.94 in May 
1995 and July 1996 respectively. These ranges of pH are within the optimal range for 
BTEX-degrading microbes. 

4.3.2.11 Temperature 

Temperature affects the types and growth rates of bacteria that can be supported in 
the groundwater environment, with high temperatures generally resulting in higher 
growth rates.   Groundwater temperature measurements made in May 1995 and July 
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1996 are summarized in Table 4.6. Temperatures in the shallow aquifer varied from 
11.0 degrees Celsius (°C) to 13.6 °C in May 1995, and from 10.8 to 15.7 in July 
1996. These are relatively moderate temperatures for shallow groundwater, suggesting 
that bacterial growth rates should not be inhibited. 

4.3.3 Degradation of Chlorinated Solvents 

Chlorinated solvents can be transformed, directly or indirectly, by biological 
processes (e.g., Bouwer et al, 1981; Wilson and Wilson, 1985; Miller and 
Guengerich, 1982; Nelson et al, 1986; Bouwer and Wright, 1988; Little et al, 1988; 
Mayer et al, 1988; Arciero et al, 1989; Cline and Delfino, 1989; Freedman and 
Gossett, 1989; Folsom et al, 1990; Harker and Kim, 1990; Alvarez-Cohen and 
Mccarty, 1991a, 1991b; Destefano et al, 1991; Henry, 1991; Mccarty et al, 1992; 
Hartmans and de Bont, 1992; Mccarty and Semprini, 1994; Vogel, 1994). 
Biodegradation of chlorinated aliphatic hydrocarbons (CAHs) is similar in principle to 
biodegradation of BTEX as described in Section 4.3.2; however, CAH degradation 
typically results from a more complex series of processes. Whereas BTEX is 
biodegraded in essentially one step by acting as an electron donor/carbon source, CAHs 
may undergo several types of biodegradation involving several steps. CAHs may 
undergo biodegradation through three different pathways: use as an electron acceptor, 
use as an electron donor, or cometabolism, which is degradation resulting from 
exposure to a catalytic enzyme fortuitously produced during an unrelated process. At a 
given site, one or all of these processes may be operating, although at many sites the 
use of CAHs as electron acceptors appears to be the most likely. A more complete 
description of the main types of biodegradation reactions affecting CAHs is presented 
in the following subsections. 

4.3.3.1 Electron Acceptor Reactions (Reductive Dehalogenation) 

Under anaerobic conditions, biodegradation of chlorinated solvents usually proceeds 
through a process called reductive dehalogenation. During this process, the 
halogenated hydrocarbon is used as an electron acceptor, not as a source of carbon, and 
a halogen atom is removed and replaced with a hydrogen atom. In general, reductive 
dehalogenation occurs by sequential dehalogenation from TCE to DCE to vinyl 
chloride to ethene. Depending upon environmental conditions, this sequence may be 
interrupted, with other processes then acting upon the products. During reductive 
dehalogenation, all three isomers of DCE can theoretically be produced; however, 
Bouwer (1994) reports that under the influence of biodegradation, cw-l,2-DCE is a 
more common intermediate than trans-l,2-DCE, and that 1,1-DCE is the least 
prevalent intermediate of the three DCE isomers. Reductive dehalogenation of 
chlorinated solvent compounds is associated with the accumulation of daughter products 
and an increase in chloride. 

Reductive dehalogenation affects each of the chlorinated ethenes differently. Of 
these compounds, PCE is the most susceptible to reductive dehalogenation because it is 
the most oxidized. Conversely, vinyl chloride is the least susceptible to reductive 
dehalogenation because it is the least oxidized of these compounds. The rate of 
reductive dehalogenation also has been observed to decrease as the degree of 
chlorination decreases (Vogel and Mccarty,  1985; Bouwer,  1994).    Murray and 
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Richardson (1993) have postulated that this rate decrease may explain the accumulation 
of vinyl chloride in TCE plumes that are undergoing reductive dehalogenation. 

In addition to being affected by the degree of chlorination of the CAH, reductive 
dehalogenation can also be controlled by the redox conditions of the site groundwater 
system. In general, reductive dehalogenation has been demonstrated under anaerobic 
nitrate- and sulfate-reducing conditions, but the most rapid biodegradation rates, 
affecting the widest range of CAHs, occur under methanogenic conditions (Bouwer, 
1994). Dehalogenation of PCE and TCE to DCE can proceed under mildly reducing 
conditions such as nitrate reduction or iron (1H) reduction (Vogel et al, 1987), while 
the transformation of DCE to vinyl chloride, or the transformation from vinyl chloride 
to ethene requires more strongly reducing conditions (Freedman and Gossett, 1989; 
Destefano et al, 1991; DeBruin et al, 1992). 

Because CAH compounds are used as electron acceptors, there must be an 
appropriate source of carbon for microbial growth in order for reductive dehalogenation 
to occur (Bouwer, 1994). Potential carbon sources can include low-molecular-weight 
compounds (e.g., lactate, acetate, methanol, or glucose) present in natural organic 
matter, or fuel hydrocarbons such as BTEX. 

The presence of cis-1,2-DCE and the absence of trans-1,2-DCE in site groundwater 
suggests that TCE is being reductively dehalogented. Limited sulfate reduction and 
methanogenesis in the core of contaminant plume also supports the possibility that 
reductive dehalogenation is occurring. Redox conditions in the core of the plume also 
are favorable for the reductive dehalogenation of TCE. Because vinyl is not observed 
at the site, it is likely that reductive dehalogenation of cis-1,2-DCE is not occurring. 

4.3.3.2 Electron Donor Reactions 

Under aerobic conditions some CAH compounds can be utilized as the primary 
substrate (i.e., electron donor) in biologically mediated redox reactions (Mccarty and 
Semprini 1994). In this type of reaction, the facilitating microorganism obtains energy 
and organic carbon from the degraded CAH. In contrast to reactions in which the 
CAH is used as an electron acceptor, only the least oxidized CAHs can be utilized as 
electron donors in biologically mediated redox reactions. Davis and Carpenter (1990) 
describe the aerobic oxidation of vinyl chloride in groundwater. Mccarty and Semprini 
(1994) describe investigations in which vinyl chloride was shown to serve as a primary 
substrate. These authors also document that dichloromethane has the potential to 
function as a primary substrate under either aerobic or anaerobic environments. In 
addition, Bradley and Chapelle (1996) show evidence of oxidation of vinyl chlonde 
under iron-reducing conditions so long as there is sufficient bioavailable iron (HI). 
Murray and Richardson (1993) write that microorganisms are generally believed to be 
incapable of growth using TCE and PCE. Aerobic metabolism of vinyl chlonde may 
be characterized by a loss of vinyl chloride mass, a decreasing molar ratio of vinyl 
chloride to other CAH compounds, and the presence of chloromethane. Klier et al 
(1996) provide evidence to suggest that DCE can be aerobically biodegraded in both 
contaminated soils and groundwater. Klier et al. write that naturally occurring 
microorganisms in soil and groundwater are capable of biodegradmg DCE 
contamination, by using DCE as a primary substrate, i.e. and electron donor Aerobic 
oxidation of DCE may be characterized by loss of DCE contaminant mass, a decreasing 

022/722450/WESTOVER/FINALTS/4.DOC 4-34 



molar ratio of DCE to other CAH compounds, and the presence of elevated C02 

concentrations. 

The disappearance of cis-l,2-DCE from the site groundwater between May 1995 and 
July 1996 without a corresponding accumulation of vinyl chloride suggests that cis-1,2- 
DCE is being metabolized as an electron donor as the groundwater returns to its natural 
aerobic conditions. 

4.3.3.3 Cometabolism 

When a CAH is biodegraded through cometabolism, it serves as neither an electron 
acceptor nor a primary substrate in a biologically mediated redox reaction. Instead, the 
degradation of the CAH is catalyzed by an enzyme or cofactor that is fortuitously 
produced by organisms for other purposes. The organism receives no known benefit 
from the degradation of the CAH; rather the cometabolic degradation of the CAH may 
in fact be harmful to the microorganism responsible for the production of the enzyme 
or cofactor (Mccarty and Semprini, 1994). 

Cometabolism is best documented in aerobic environments, although it potentially 
could occur under anaerobic conditions. It has been reported that under aerobic 
conditions chlorinated ethenes, with the exception of PCE, are susceptible to 
cometabolic degradation (Murray and Richardson, 1993; Vogel, 1994; Mccarty and 
Semprini, 1994). Vogel (1994) further elaborates that the cometabolism rate increases 
as the degree of dehalogenation decreases. There is no evidence to either support or 
disallow that dissolved TCE and cis-l,2-DCE concentrations are being reduced through 
cometabolic processes. 

4.3.3.4 Chloride 

Chloride concentrations also were measured in groundwater samples collected in 
May 1995 and July 1996. Chloride is a byproduct of the biodegradation of chlonnated 
solvents. Concentrations at the site range from 1.45 mg/L to 5.42 mg/L in May 1995, 
and from <0.5 mg/L to 6.14 mg/L in July 1996. Table 4.6 summarizes measured 
chloride concentrations. Because site chlorinated solvent concentrations are low, the 
increase in chloride concentrations that can be anticipated as a result of chlonnated 
solvent degradation also is low. The variability in chloride concentrations in 
background locations at FT-03 masks any increase in chloride that may have occurred 
as a result of chlorinated solvent degradation. Instead, the significant reduction in 
chlorinated solvent concentrations throughout the site since May 1995 serve as a better 
indicator that biodegradation of CAHs is occurring. 

4.3.4 Expressed Assimilative Capacity For BTEX Degradation 

The May 1995 data presented in the preceding sections suggest that mineralization of 
BTEX compounds was occurring through the microbially mediated processes of aerobic 
respiration, denitrification, iron reduction, and methanogenesis. On the basis of the 
stoichiometry presented in Table 4.5, the expressed BTEX assimilative capacity of 
groundwater at FT-03 is at least 32,700 ng/L (Table 4.7). 
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July 1996 data indicates that bioventing operations contributed to a decrease in 
BTEX dissolving into groundwater and a subsequent return of groundwater 
geochemistry to conditions closer to background. Electron acceptor concentrations, 
biodegradation byproduct concentrations, alkalinity, and contaminant concentrations all 
moved rapidly in the direction of background conditions between May 1995 and July 
1996. Downgradient trends of decreased nitrate and sulfate, and increased ferrous iron 
and methane appear to be shadows of past anaerobic degradation activity at FT-03. 
Therefore, the calculated assimilative capacity of 5,560 jig/L (Table 4.7) for July 1996 
data is in some ways also a shadow of what has occurred in site groundwater. 

TABLE 4.7 
EXPRESSED ASSIMILATIVE CAPACITY OF SITE GROUNDWATER 

Christmas Tree Fire Training Area, FT-03 
Intrinsic Remediation TS 

Westover Air Reserve Base. Massachusetts  

Electron Acceptor or Process                   May 1995 July 1996 
Expressed BTEX Expressed BTEX 

Assimilative Capacity Assimilative Capacity 
(mg/L) ^ (mg/L) 

Dissolved Oxygen                                      3,200 2,700 

Nitrate                                                      ' 1,770 1,770 

Iron Reduction                                          27,500 1,080 

Methanogenesis                                             230  10  

Expressed Assimilative _ _,. 
Capacity 32,700 5,560 

A closed system with two liters of water can be used to help visualize the physical 
meaning of assimilative capacity. Assume that the first liter contains no fuel 
hydrocarbons, but it contains fuel-degrading microorganisms and has an assimilative 
capacity of exactly V |xg of fuel hydrocarbons. The second liter has no assimilative 
capacity; however, it contains fuel hydrocarbons. As long as these two liters of water 
are kept separate, the biodegradation of fuel hydrocarbons will not occur. If these two 
liters are combined in a closed system, biodegradation will commence and continue 
until the fuel hydrocarbons are depleted, the electron acceptors are depleted, or the 
environment becomes acutely toxic to the fuel-degrading microorganisms. Assuming a 
nonlethal environment, if less than V jig of fuel hydrocarbons are in the second liter 
all of the fuel hydrocarbons will eventually degrade given a sufficient time; likewise, if 
greater than ux" \xg of fuel hydrocarbons were in the second liter of water, only uxn \ig 
of fuel hydrocarbons would ultimately degrade. 

The groundwater beneath a site is an open system, which continually receives 
additional electron receptors from through the flow of the aquifer and the percolation of 
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precipitation. This means that the assimilative capacity is not fixed as it would be in a 
closed system, and therefore cannot be compared directly to contaminant concentration 
in the groundwater. Rather, the expressed assimilative capacity of groundwater is 
intended to serve as a qualitative tool. Although the expressed assimilative capacity at 
this site is greater than the highest measured total BTEX concentrations measured in 
May 1995 and July 1996, the fate of BTEX in groundwater and the potential impact to 
receptors is dependent on the relationship between the kinetics of biodegradation and 
the solute transport velocity (Chappelle, 1994). This significant expressed assimilative 
capacity is a strong indicator that biodegradation is occurring; however, it is not an 
indication that biodegradation will proceed to completion before potential downgradient 
receptors are impacted. 

At FT-03, the expressed assimilative capacity for groundwater and the rapid 
decrease in groundwater contaminant concentrations between May 1995 and July 1996 
suggest that biodegradation will proceed to completion. 

4.3.5 Discussion 

Throughout this section, two lines of evidence for intrinsic remediation of petroleum 
hydrocarbons at FT-03 were presented. Contaminant data presented in Section 4.3.1 
indicate that contaminant mass has essentially been completely removed from shallow 
groundwater. In Section 4.3.2, comparison of BTEX, electron acceptor, and 
biodegradation byproduct isopleth maps for FT-03 provides strong qualitative 
geochemical evidence of biodegradation of BTEX compounds through aerobic 
respiration, denitrification, iron reduction, and methanogenesis. Other observations 
and patterns in the data provide further evidence that biodegradation is reducing 
hydrocarbon concentrations at the site. In Section 4.3.3, similar lines of evidence 
suggest qualitatively that chlorinated solvent degradation also is occurring at the site. 
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SECTION 5 

GROUNDWATER MODELING 

5.1 GENERAL OVERVIEW 

To help estimate degradation rates for dissolved BTEX at FT-03 and to help predict 
the future migration of these compounds, Parsons ES modeled the fate and transport of 
the dissolved BTEX plume. The modeling effort has three primary objectives: (1) to 
predict the future extent and concentration of the dissolved contaminant plume by 
modeling the combined effects of advection, dispersion, sorption, and biodegradation; 
(2) to assess the potential for exposure of downgradient receptors to contaminant 
concentrations that exceed regulatory standards intended to be protective of human 
health and the environment; and (3) to provide technical support for the intrinsic 
remediation option at post-modeling regulatory negotiations. The model was developed 
using site-specific data and conservative assumptions about governing physical and 
chemical processes. Because of the conservative nature of model input, the reduction 
in contaminant mass caused by natural attenuation is expected to exceed model 
predictions. This analysis is not intended to represent a baseline assessment of potential 
risks posed by site contamination. 

Partial differential equations that describe groundwater flow and/or solute transport 
can be solved analytically or numerically. The type of model selected to simulate site 
conditions depends on the complexity of the problem, the amount of available data, the 
importance of the decisions that will be based upon the model, and project scope. 
Analytical methods (models) provide exact, closed-form solutions, and numerical 
methods (models) provide approximate solutions. Analytical models are the simplest to 
set up and solve, allowing the user to evaluate many scenarios in a relatively short 
time. Numerical methods are more efficient for those systems that are too complex for 
analytical methods. Analytical models are restricted in the nature of the problems for 
which they can be used, and for some transport problems they may become so complex 
and unwieldy that the use of numerical methods may be more efficient. Theoretically 
there are no limits on the characteristics of the hydrogeological system and the 
properties of the solute(s) that can be simulated using a numerical model code. There 
are, however, practical limits on the ways in which the system and any reactions within 
it can be represented. The basic parameters for both types of models typically include 
groundwater seepage velocity, hydraulic conductivity, saturated thickness of the 
aquifer, porosity, source area configuration, source area contaminant concentrations, 
leakage rates, dispersion coefficients, retardation values, and decay rates. 

If limited data are available, or the hydrogeologic conditions are simple, an 
analytical model can be selected to simulate contaminant fate and transport. Analytical 
solutions provide exact, closed-form solutions to the governing advection-dispersion 
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equation by making significant simplifying assumptions. The more closely the actual 
system approximates these assumptions, the more accurate the analytical model will be 
in predicting solute fate and transport. Because of the nature of the simplifying 
assumptions, analytical models may overestimate or underestimate the spread of 
contamination. By making assumptions that will ensure the model will overpredict 
contaminant concentrations and travel distances (or at least not underpredict them), the 
model predictions will be conservative. The more conservative a model is, the more 
confidence there should be that potential receptors will not be impacted by site 
contamination. Analytical solutions are generally limited to steady, uniform flow or 
radial flow, and should not be used for groundwater flow or solute transport problems 
in strongly anisotropic or heterogeneous media. 

Numerical solutions provide approximate solutions to the advection-dispersion 
equation Numerical models are less burdened by simplifying assumptions and are 
capable of addressing more complicated problems. Unlike analytical models, 
numerical models allow subsurface heterogenieties and varying aquifer parameters to be 
simulated as well as transient simulations (i.e., one or more properties or conditions 
change over time), if the requisite data are available. Many of the assumptions 
required for the analytical solutions are not necessary when numerical techniques are 
used to solve the governing solute transport equation. However, a greater amount of 
site-specific data is needed to implement a numerical model, and the solutions are 
inexact numerical approximations. The added complexity of performing a numerical 
model typically is not warranted unless the spatial distribution of input parameters is 
known. 

Analytical models were selected to evaluate contaminant fate and transport at FT-03. 
Analytical models are appropriate at this site because hydrogeologic conditions are 
uniform, limited geochemical and contaminant concentration information is available 
spatially, and remediation of the site source area is in progress. 

5.2 CONCEPTUAL MODEL DESIGN AND ASSUMPTIONS 

Before developing a groundwater model, it is important to develop a reasonable 
interpretation of aquifer conditions. On the basis of the data presented in Section 3, the 
shallow saturated zone was conceptualized and modeled as a shallow unconfined 
aquifer composed of well-sorted, interbedded sand and sandy gravel, with some clean 
coarse gravel seams present (Figure 3.3). Water level data suggest a relatively uniform 
local groundwater flow system without a significant vertical component. 

Geochemical data presented in Section 4 suggest that biodegradation of site 
contaminants is occurring. In particular, BTEX compounds are being degraded by 
aerobic respiration and the anaerobic processes of denitrification, ferne iron reduction, 
sulfate reduction, and methanogenesis. Past analytical data which show temporal 
decreases in dissolved BTEX concentrations were used for model calibration and to 
support source reduction assumptions. Chlorinated solvents were not modeled because 
the distribution of contaminants made estimation of a reliable decay coefficient difficult 
to obtain. Furthermore, the maximum downgradient concentration is below state and 
federal groundwater guidelines, and source area concentrations proportionally are 
significantly lower than the observed BTEX concentrations. Therefore dissolved BTEX 
groundwater contamination at the site was modeled. 
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The contaminated soils at the site are undergoing remediation through bioventing. 
As a result, they are unlikely to serve as a significant continuing source of dissolved 
BTEX contamination at the site. 

5.3 INITIAL MODEL SETUP 

Where possible, the initial setup for the models was based on site data. Where site- 
specific data were not available (e.g., for effective porosity), reasonable assumptions 
were made on the basis of widely accepted literature values. The analytical model 
solution is based on calculations for retarded flow with biodegradation and a decaying 
source (van Genuchten and Alves, 1982). The following sections describe the basic 
model setup. The analytical model parameters that were varied during model 
calibration are discussed in Section 5.4. 

5.3.1 Groundwater Gradient 

The May 1995 water table elevation map presented on Figure 3.4 was used to 
determine the hydraulic gradient. Groundwater flow in the vicinity of the site is to the 
south with an average gradient of approximately 0.01 ft/ft. Data review indicates the 
groundwater elevation seasonally fluctuates approximately 1.5 feet. Although the 
historic groundwater elevation data suggested a slightly steeper groundwater gradient 
than the May 1995 groundwater elevation data, historic data were compiled from fewer 
monitoring wells. Therefore, it was assumed that the May 1995 water levels and 
gradient are representative of steady-state conditions. 

5.3.2 BTEX Concentrations 

The total dissolved BTEX concentrations obtained from laboratory analytical results 
were used for model development. Table 4.3 presents May 1995 dissolved BTEX 
concentration data. Figure 4.2 shows the areal distribution of dissolved groundwater 
BTEX in May 1995. The shape and distribution of the total BTEX plume are the result 
of advective-dispersive transport and biodegradation of dissolved BTEX contamination 
originating from source area at FT-03. The BTEX concentrations from the May 1995, 
1993, and 1989 investigations were used in the models to project future downgradient 
concentrations. 
5.3.3 Degradation Rates 

Available data strongly suggest that aerobic and anaerobic degradation is occurring 
at the site. In May 1995, combined anaerobic processes account for over 90 percent of 
the assimilative capacity of site groundwater (Table 4.7). As with a large number of 
biological processes, biodegradation can generally be described using a first-order rate 
constant and the equation: 

C      .«        ■     ■ 

~c=e 

where:       C = Contaminant Concentration at Time t 
C0 = Initial Contaminant Concentration 
k = Coefficient of Anaerobic Decay (anaerobic rate constant) 
t = time 
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Two methods of calculating rate constants are currently available to quantify rates of 
biodegradation at the field scale and area applicable for use with available site dato. 
The first method involves the use of a biologically recalcitrant compound found in the 
dissolved BTEX plume that can be used as a conservative tracer. The second method, 
proposed by Buscheck and Alcantar (1995), involves interpretation of a steady-state 
contaminant plume configuration and is based on the one-dimensional steady-state 
analytical solution to the advection-dispersion equation presented by Bear (1979). 

5.3.3.1 Trimethylbenzene Tracer Method 

To calculate rate constants, the apparent degradation rate must be normalized for the 
effects of dilution caused by advective-dispersive processes and sorption. This can be 
accomplished by normalizing the concentration of each contaminant to the 
concentration of a component of jet fuel (a tracer) that has similar sorptive properties 
but that is fairly recalcitrant. Observed BTEX concentration data can be normalized to 
1,3,5-TMB, 1,2,4-TMB, and/or 1,2,3-TMB or another tracer with similar 
physiochemical properties. The TMB compounds can serve as good tracers because 
they can be biologically recalcitrant under anaerobic conditions, and they have sorptive 
properties similar to the BTEX compounds (Cozzarelli et ah, 1990 and 1994). Thus, 
the TMB is assumed to respond similarly to the processes of advection, dispersion, and 
sorption without experiencing a reduction in concentration due to biodegradation. 
Under aerobic conditions, TMB compounds are less recalcitrant, leading to reduction in 
TMB concentrations by processes other than dispersion, dilution, and sorption. This in 
turn results in the calculation of an overly low, albeit conservative, rate constant. 

The normalized (corrected) concentration of a compound is the concentration of the 
compound that would be expected at one point (B) located downgradient from another 
point (A) after correcting for the effects of dispersion, dilution, and sorption between 
points A and B. One relationship that can be used to calculate the corrected 
contaminant concentration is: 

CB>CO,T = CB(TMBA/TMBB) 

where: CB>Corr = Corrected concentration of compound at Point B 
CB = Measured concentration of compound at Point B 
TMBA = Measured TMB concentration at Point A 
TMBB = Measured TMB concentration at Point B. 

A log-linear plot of the corrected contaminant concentrations along a flow path 
versus the travel time from the origin can be used to determine whether the data set can 
be described using a first-order exponential equation (i.e., r is greater than 
approximately 0.9). When this occurs, the exponential slope can be used as the rate 
constant. Once again, if aerobic conditions exist along the selected flow path, the rate 
constant calculation will be conservative because TMBs are not recalcitrant under 
aerobic conditions. 

An average rate constant for BTEX decay at FT-03 was determined from May 1995 
BTEX and TMB data.   The selected flow path from TF-2A to TF-11 is anaerobic. 
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Table 5 1 presents the data for a first-order rate constant calculation for BTEX using 
1 2 4-TMB as a conservative tracer. The TMB-corrected total BTEX concentration 
represents the theoretical BTEX concentration at a point if biodegradation were the only 
process affecting BTEX concentrations. The graph that accompanies the table 
illustrates that a rate constant of 0.0013 dayl is predicted. TMB should serve as a 
conservative tracer because retardation coefficients for 1,2,4-TMB are from 1.4 to 7 
times higher than those of benzene, toluene, ethylbenzene, or xylene. Therefore, the 
rate constant is expected to be higher than calculated from this technique. 
Furthermore, downgradient from well TF-11, the biodegradation rate constant would 
be expected to increase because the aquifer becomes aerobic. Typically, aerobic 
degradation rates exceed anaerobic degradation rates (Borden and Bedient, 1986). 

5.3.3.2 Method of Buscheck and Alcantar 

Buscheck and Alcantar (1995) derive a relationship that allows calculation of first- 
order decay rate constants for steady-state plumes. This method involves coupling the 
regression of contaminant concentration (plotted on a logarithmic scale) versus distance 
downgradient (plotted on a linear scale) to an analytical solution for one-dimensional, 
steady-state, contaminant transport that includes advection, dispersion, sorption, and 
biodegradation. For a steady-state plume, the first-order decay rate is given by 
(Buscheck and Alcantar, 1995): 

A = ^- 
4a, 

l + 2a, 
rk^ 
VV 

2        N 

-1 
J 

Vc     = 

°x      = 

*/V,   = 

where:       A     =     first-order decay rate 
retarded contaminant velocity in the x-direction 
dispersivity 
slope of line determined from a log-linear plot of contaminant 
concentration versus distance downgradient along flow path 

The first-order decay rate includes biodegradation resulting from both aerobic and 
anaerobic processes; however, in the absence of oxygen, the first-order rate is 
equivalent to the anaerobic decay rate. Table 5.2 presents the data for a first-order rate 
constant calculation for BTEX using May 1995 data at FT-03 and the method proposed 
by Buscheck and Alcantar (1995). An exponential fit to the data estimates a log-linear 
slope of 0.0369. This value translates to a decay constant of 0.0034 day* 

5.3.3.3 Selection of a Decay Rate Constant 

A review of recent literature indicates that higher rate constants generally have been 
observed in anaerobic plumes at other sites. For example, Chapelle (1994) reported 
that at two different sites with anaerobic groundwater conditions the rate constants were 
both approximately 0.01 day-1. Wilson et al. (1994) report first-order anaerobic 
biodegradation rates of 0.05 to 1.3 week'1 (0.007 to 0.185 day'); Buschecket al. 
(1993) report first-order attenuation rates in a range of 0.001 to 0.01 day ; and 
Stauffer et al. (1994) report rate constants of 0.01 and 0.018 day" for benzene and p- 
xylene, respectively. A first-order rate constant of 0.0034 day" was used in two of the 
analytical models for this site.   The third analytical model used a rate constant of 
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TABLE 5.1 
FIRST-ORDER RATE CONSTANT CALCULATION 
USING 1,2,4-TMB AS A CONSERVATIVE TRACER 

Christmas Tree Fire Training Area 
Intrinsic Remediation TS 

Westover ARB, Massachusetts 

Travel Time 
Between Measured Measured Trimethylbenzene- 

Upgradient and Total 1,2,4- Corrected 

Distance Downgradient BTEX Trimethylbenzene Total BTEX 

Downgradient Points Concentration Concentration Concentration 

Point (ft) (days) (MdL) (MR/L) (MR/L) 

TF-2A 0 0 1657 280 1657 

TF-5 105 584 123 47 737 

TF-11 240 1334 77 13 278 

Vc = 0.18 ft/day (average for all BTEX compounds) 

PLOT OF TMB-CORRECTED TOTAL BTEX CONCENTRATION 
VERSUS TRAVEL TIME 

10000 T 

1000 

100 

10 - 

y = 1639.1e*°° 
r2 = 0.9997 

H- ■+■ 

200 400 600 800 

Travel Time (days) 

1000 1200 1400 
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TABLE 5.2 
FIRST-ORDER RATE CONSTANT CALCULATION 

USING THE METHOD OF BUSCHECK AND ALCANTAR (1995) 
Christmas Tree Fire Training Area 

Intrinsic Remediation TS 
Westover ARB, Massachusetts 

Distance Total BTEX(Mg/L) 

Point Downgradient(m) May-95 

TF-2A 0 1656.6 

TF-5 32 123.1 

TF-11 73 76.9 
TF-8 114 15.9 

PLOT OF TOTAL BTEX CONCENTRATION 
VERSUS DISTANCE 

10000 T 

1000 

100- 

PQ 

1 

60 80 

Distance Downgradtent (m) 

120 

2  V X=vt/4axa\+2ax(kJv^Y-l) 

where    vc = 0.06 
0^=15 

k/v= 0.0369 
therefore    X = 0.0034 
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0.0013 day"1.   Rate constants estimated from both methods were used in the models 
because they are relatively similar and are in the low range of the literature values. 

5.4 ANALYTICAL MODEL RESULTS 

One-dimensional analytical models were used to evaluate contaminant fate and 
transport at FT-03. Analytical models provide exact, closed-form solutions to the 
advection/dispersion equation, provided that several simplifying assumptions can be 
made. The models used with FT-03 data provided first-order solute decay solutions for 
a semi-infinite system with a point source of diminishing concentration (van Genuchten 
and Alves 1982). The models assume a homogeneous, isotropic aquifer; a uniform, 
constant-velocity flow field in the x-direction only; a constant longitudinal 
hydrodynamic dispersion; a first-order rate of decay for biodegradation; and a linear 
sorption rate. It was not appropriate to use a constant-source model due to the low 
levels of soil contamination and the presence of an operational bioventing system 
designed to remediate the hydrocarbon contaminated soils. 

5.4.1 Model Calibration 

Calibration of the contaminant fate and transport model is an important component 
in the development of a defensible groundwater model. It demonstrates that the model 
is capable of predicting actual observed hydraulic and contaminant conditions given 
conditions observed in the past. The analytical flow models presented herein were 
calibrated using historical analytical data for initial contaminant concentrations and 
altering source and solute decay rates until modeled data matched current observed 
BTEX concentrations. Data from UNC Geotech (1991) and O'Brien and Gere (1994) 
were used for initial conditions in 5.5-year and 2-year models, respectively. A third 
model was calibrated over a 30-year period spanning the time from the cessation of fire 
training exercises to the present. Initial BTEX concentrations indicative of free product 
were assumed in the calibrated 30-year model. Values for the hydraulic parameters 
were not varied among the three models. For each model the hydraulic gradient was 
0.01 ft/ft, the hydraulic conductivity was 1.05 m/day, and the effective porosity was 
0.2. 

All of the models were successfully calibrated to reproduce BTEX concentrations 
observed at the source area (well TF-2A) and leading plume edge (well TF-8) in May 
1995. At the two mid-plume wells (TF-5 and TF-11), where modeled concentrations 
could not be successfully matched with the observed concentrations, the modeled 
concentrations were higher than actual observed concentrations. Consequently, the 
total dissolved contaminant mass predicted from the models is higher than the mass 
estimated from the observed contaminant concentrations. Thus, the models are 
considered conservative. Model input and output are included in Appendix C. 

TOC was not measured above 1 mg/kg in the five soil samples collected from the 
saturated zone. The absence of organic carbon in saturated soils significantly 
influences the model calibration. With so little TOC in the saturated soil, the 
contaminant migration was modeled with no retardation resulting from sorption. This 
means that the modeled contaminant velocities were identical to the advective 
groundwater velocity.   This is a very conservative estimate because it is unlikely that 
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saturated soils are barren of all TOC.  It is expected that some sorption, and therefore 
some contaminant retardation with respect to groundwater velocity, is occurring. 

Each of the three calibrated models was used to estimate the downgradient travel 
distance, expected remediation timetable, and future BTEX concentrations at both the 
source and downgradient locations. 

5.4.2 Model-Decay 1% 

Model-Decay 1% was calibrated over a 5.5-year interval using BTEX analytical 
results from 1989 and 1995. The model assumes an initial background BTEX 
concentration, attributable to existing contamination, of 16 ng/L and a measured source 
area concentration of 2,820 |ig/L in 1989. The calibrated model successfully predicts 
observed 1995 BTEX concentrations at three of the four monitoring wells along the 
flow path using a solute decay rate of 0.0034 day"1 and a source decay rate of 1 percent 
per year. Where calibration was not achieved, the modeled concentration was higher 
than the measured concentration, and therefore is a conservative estimate of site 
conditions. 

The calibrated model was used as the foundation for two future scenarios 
incorporating annual source decay rates of 5 and 50 percent. Implementation of a 
bioventing soil remediation system has been accompanied by source decay rates 
averaging over 90 percent per year in vadose zone soils at a group of 16 other Air 
Force sites (AFCEE, 1994). Similarly high source decay rates, however, would be 
expected in capillary fringe soils only in the presence of a falling or fluctuating water 
table. Therefore to model the future of the site, models were run with annual source 
decay rates of 5 percent (negligible bioventing of capillary fringe) and 50 percent 
(significant bioventing of capillary fringe). An increase in the source decay rate to 5 
percent per year is still conservative, but it presents a more reasonable scenario of site 
conditions after implementation of soil remediation if the water table is stable or rising. 
An annual source reduction rate of 50 percent was used to model the effect of 
bioventing given a water table that is falling or varies periodically by a couple of feet. 
Because groundwater levels have been documented to fluctuate by 1.5 feet at the site, 
the average annual rate of 50 percent may be more realistic given the probability of 
remediation of the capillary fringe zone through bioventing within the next few years. 

The 5 percent model of future annual source decay suggests a minor plume 
expansion through the year 2005 followed by differing rates of plume recession. The 
model incorporates a 5-percent annual decay rate beginning in 1995 and suggests that 
the 5-|xg/L concentration will withdraw into Base boundaries after 80 years. Under the 
scenario of a 50-percent annual source decay rate, the model predicts that the 5-ng/L 
total BTEX contour would retreat to the Base boundary in approximately 8 years. 

Assuming a 5-percent annual source decay rate results in a predicted total BTEX 
concentration of 750 ng/L in the source area after 50 years, as well as correspondingly 
lower total BTEX concentrations at the Base boundary and monitoring well TF-8. In 
comparison, the model incorporating a 50-percent annual source decay rate suggests 
that a total BTEX concentration of only 6 \ig/L would remain in the source area after 
10 years. Model outputs, including graphs of concentration versus time and distance, 
are provided in Appendix C. 
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5.4.3 Model-Decay 8% 

This model was developed by assuming the presence of free product in 1965 and 
varying the model input parameters to achieve the May 1995 BTEX values. The initial 
1965 source was assumed to have a total BTEX concentration of 30,000 ng/L. To 
calibrate the model, an 8-percent annual source decay rate and 0.0034-day solute 
decay rate were used. Before implementation of bioventing, an 8-percent annual 
source decay rate may be an accurate representation of site conditions because a rate of 
this magnitude could account for natural degradation of the source as well as 
dissolution of the source into groundwater. With the startup of bioventing in 1995, the 
decay rate could be expected to increase to as high as 90 percent under ideal conditions; 
therefore, it is believed this model underestimates the actual rate of source decay 
currently' occurring. The 30-year calibration run was able to achieve two of the 
observed 1995 concentrations, and was slightly higher (within a factor of 4) than the 
other two observed 1995 BTEX concentrations. This model also is conservative 
because the modeled concentrations are slightly higher than the observed 
concentrations. 

Continuation of the 8-percent model past 1995 indicates the 5-|ig/L isopleth for total 
BTEX will begin to recede from a maximum downgradient distance of approximately 
500 feet downgradient of the source in 2 years. The model suggests that the 5-jig/L 
isocontour will recede to 435 feet downgradient in 10 years, and to within the Base 
boundary after 55 years. This version Of the model suggests the total BTEX 
concentration will be approximately 30 ng/L in the source area after 50 years. If the 
annual source decay rate was increased to 50 percent to accommodate bioventing, 
BTEX source area concentrations would be reduced to less than 5 ng/L after 
approximately 11 years. To run the model under a bioventing scenario, the modeled 
1995 concentrations were input into the model, and the source decay rate was increased 
to 50 percent per year. 

At TF-8, the furthest downgradient monitoring well, the BTEX concentration is not 
predicted to exceed 20 |ag/L. The bioventing model suggests Base boundary 
concentrations have already peaked and will continue to decrease from the 1995 
modeled BTEX concentration of approximately 500 }ag/L. Again, these are 
conservative estimates because the model was calibrated slightly above the observed 
1995 BTEX concentrations at three locations. The version of the model that attempts 
to incorporate bioventing through the use of a 50-percent annual source decay predicts 
sharp drops in downgradient BTEX concentrations as a result of the rapid reduction in 
source concentrations. Model outputs, including graphs of concentration versus time 
and distance are provided in Appendix C. 

5.4.4 Model-Decay 10% 

Model-Decay 10% was designed using observed 1993 BTEX concentrations and 
calibrating the input parameters to achieve 1995 concentrations. The model uses an 
assumed initial background BTEX concentration of 16 ^ig/L and the 1993 observed 
BTEX source area concentration of 2,690 ng/L. Using a lower solute decay rate of 
0.0013 day"1 and a 10-percent annual source decay rate, the model was able to calibrate 
3 of the 4 observed 1995 concentrations along the groundwater flow path. At the point 
where the modeled concentration could not be calibrated to observed concentration, the 
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modeled concentration was higher than the measured concentration. This results in a 
conservative model because the total mass of BTEX in the aquifer accounted for in the 
model is higher than estimated from observed total BTEX concentrations. In addition, 
the solute decay rate of 0.0013 day"1 is considered conservative because it is derived 
from the assumption that oxygen is not present in the aquifer (Section 5.3.3.1). While 
this assumption may be legitimate for the source area of the plume, DO is present at 
the leading edge of the plume, and oxygen influx is possible via rainwater recharge 
throughout the plume. Typically anaerobic biodegradation rates are lower than aerobic 
biodegradation rates, and therefore the solute decay coefficient would be expected to 
increase downgradient as the aquifer becomes more aerobic. Another conservative 
estimate of the model is that it does not simulate the effect of the newly installed 
bioventing system on the source decay rate; however, this may be partially offset by 
the 10-percent annual source decay rate that may be somewhat high m the absence of 
active remediation (i.e., bioventing). 

As a result of the low solute decay rate, this model presents a "worst-case" scenario 
for downgradient BTEX migration. Continued modeling suggests that the 5-jig/L 
isocontour will advance to approximately 950 feet downgradient from me source area. 
The plume is predicted to continue advancing for 10 additional years (unto 2005), and 
then begin to recede. In 55 years, the model suggests that the 5-|xg/L total BTEX 
isocontour will have withdrawn to the Base boundary. If the solute decay rate is 
increased by a factor of 2, the 5-ng/L extent of the plume would withdraw to the Base 
boundary after approximately 45 years. Increasing the solute decay rate by a factor of 
two could help account for aerobic biodegradation that likely is occurring along the 
plume fringe. 

The model predicts that source area concentrations will decrease from 1,700 ng/L in 
1995 to 700 ng/L in 2005, to 12 |ig/L in 2045. The maximum total BTEX 
concentration at monitoring well TF-8 is predicted to occur in year 2000 at just over 
150 |ig/L. Again, the reason this model predicts higher downgradient BTEX 
concentrations is due to the use of an anaerobic decay rate for the entire length of the 
plume. Without changing the solute decay constant, the model suggests that the 
maximum total BTEX concentration at the Base boundary will reach almost 800 ng/L 
at the turn of the century. If the solute decay constant is increased by a factor of two, 
to account for some aerobic decay, the maximum predicted BTEX concentration at the 
Base boundary does not exceed 430 ^ig/L, similar to Model-Decay 8%. 

5.5 SENSITIVITY ANALYSIS 

The purpose of the sensitivity analysis is to determine the effect of varying model 
input parameters on model output. The sensitivity analysis for this model was 
conducted on individual runs of Model-Decay 1 % by varying hydraulic conductivity 
(±5 times), the organic carbon content (±10 times), effective porosity (±50%), and 
dispersivity (±2 times). The effects of variation on the solute decay rate and the annual 
rate of source decay are examined as a part of the model discussion (Section 5.4). To 
perform the sensitivity analyses, Model-Decay 1% was run with the same input as the 
calibrated model excluding the tested parameter. The models were run for a 10-year 
period so the effects could be seen when plume expansion was at a maximum. Model 
output data from the sensitivity analysis are presented in Appendix C. 

022/722450/WESTOVER/FINALTS/5.DOC 5-11 



The results of the sensitivity analysis suggest that the calibrated model is most 
sensitive to hydraulic conductivity, effective porosity, and longitudinal dispersivity. 
Increasing hydraulic conductivity and dispersivity increases the distance of plume 
migration, while decreasing these variables decreases the distance of plume migration. 
Conversely, increasing the effective porosity decreases the distance of plume; migration 
The increase in the organic carbon content had only a minor effect on the modeled 
BTEX plume. However, a factor of 10 increase in site TOC levels is not significant 
because of the very low TOC concentrations present. The hydraulic conductivity, 
dispersivity, and effective porosity values used in the models are valid because they are 
similar to documented accepted values. The sensitivity results suggest the values used 
in the model are appropriate because they quantify the uncertainty in the calibrated 
models caused by uncertainty in the estimates of aquifer parameters. 

5.6 CONCLUSIONS AND DISCUSSION 

The three calibrated models were used to predict the fate and transport of the 
dissolved BTEX plume with and without source remediation tm"°ugh to°ve"*"S' 
Model-Decay 1% was calibrated using observed BTEX concentrations in 1989 and then 
used to simulate the effects of bioventing by increasing the annual source decay to rates 
of 5 and 50 percent per year. Model-Decay 8% and Model-Decay 10% assumed tha 
the conditions that produced the calibrated model would remain constant for the full 
duration of the simulation. Model-Decay 8%, assumed that free produc BTEX levels 
were present in 1965 and degraded to 1995 observed levels. This model also was run 
with a 50 percent annual source decay rate to simulate bioventing; however, results 
were virtually identical to the results of Model-Decay 1% under the same scenario 
Model-Decay 10% was calibrated based on 1993 and 1995 concentrations and 
conservatively uses a solute decay rate that assumes the absence of any aerobic 
biodegradation. Consequently, this model provides a "worst-case scenario for plume 
migration distances. 

The results of analytical model scenarios for FT-03 at Westover ARB suggest that 
the dissolved BTEX plume front is not likely to migrate more than 1.W0J** 
downgradient from the source area, and at the current distance of approximately 5UO 
feet downgradient from the source area, the plume may already have reached its 
maximum downgradient extent. An estimated maximum travel distance of 1,000 feet 
would place the leading edge of the plume within the state park, and would cover only 
half of the distance to the Chicopee Reservoir. Therefore, the models suggest that it is 
extremely unlikely that the plume will impact either the Chicopee Reservoir or any 
groundwater pumping wells beyond the state park. 

The three models predict that the 5-ng/L total BTEX isocontour will recede to the 
Base boundary within 55 to 80 years without the assistance of engineered remediation 
systems With the implementation of source reduction via bioventing, the models 
predict that the 5-ng/L total BTEX isocontour may return to the Base boundary within 
8 years. 

The removal of BTEX compounds predicted by the simulations is largely a function 
of aerobic and anaerobic biodegradation. In all cases, model simulations are 
conservative for several reasons, including those listed below: 
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. The stoichiometry used to determine the ratio between DO and total BTEX 
assumed that no microbial cell mass was produced during the reaction. As 
discussed in Section 4.3.2.1, this approach may be too conservative by a factor of 
three. 

. As a result of low TOC concentrations in the aquifer matrix, the coefficient of 
retardation was calculated to be 1, with the result that contaminants were modeled 
to migrate at the advective groundwater velocity. Consequently, this provides a 
worst-case scenario for estimated distances of contaminant migration from the 
source area. 

. The solute decay constants (0.0013 and 0.0034 day-1) covering both aerobic and 
anaerobic processes are conservative when compared to literature values of 0.001 
to 0.185 day-1 (see Section 5.3.5.3) for anaerobic decay alone. The use of a low 
solute decay constant increases the length time required for natural attenuation 
processes to completely attenuate the BTEX contamination. Consequently, the 
dissolved BTEX contamination is capable of migrating greater distances 
downgradient before destruction. 

. The models assume a uniform contaminant concentration over the entire aquifer 
thickness; however, observed concentrations were collected from near the water 
table where the highest BTEX concentrations in an aquifer frequently are found. 
Therefore, the modeled contaminant mass may be considerably higher than the 
actual dissolved contaminant mass at the site. Consequently, the time required 
for natural attenuation processes to degrade the contamination is increased. 

. All three models have been calibrated such that whenever the calibrated 
concentrations do not match observed calibrations at a given location, the 
calibrated concentration is higher. This results in a greater modeled mass than 
estimated from observations. Consequently, the time required for natural 
attenuation processes to degrade the contamination is increased. 

The ranges for degradation and stabilization of the BTEX plumes observed in the 
three model simulations (and variations) are feasible, given the observed BTEX 
concentrations, the conservative assumptions made in constructing the simulation, and 
the strong geochemical evidence of aerobic and anaerobic biodegradation. All of the 
models were calibrated to known endpoints in a continuum of known past contaminant 
levels. 

With a full-scale bioventing system in operation at the site, source reduction is 
occurring. Consequently, the variations of Model-Decay 1% incorporating 5- and 50- 
percent rates of annual source reduction after May 1995 are most appropriate for 
comparison to concentrations observed during the July 1996 sampling event. The 50- 
percent annual source reduction scenario is the more optimistic of the two bioventing 
scenarios, predicting that the dissolved BTEX plume, as defined by the 5-|xg/L 
isopleth, will retreat to the Base boundary within 8 years. The July 1996 results 
suggest that the plume actually returned to the Base boundary in less than 14 months 
following the start-up of the bioventing system. The observed concentration of 
approximately 470 |!g/L of total dissolved BTEX in the source area was predicted to 
occur at approximately 21 months by the 50-percent annual source reduction scenario 
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of Model-Decay 1%. Additional long-term monitoring should be performed to confirm 
the continuation of the trends observed between May 1995 and July 1996. 

The magnitude of plume contraction observed over 14 months suggests that both the 
amount of contaminant mass entering the system and the biodegradation rate may be 
higher than incorporated into the 50-percent annual source reduction scenario of Model- 
Decay 1%. To simulate the reduction in plume extent and concentration using Model- 
Decay 1% would require the use of an annual source reduction of approximately 25 
percent and a biodegradation rate that is approximately 5 times as large as the rate 
estimated by the steady-state method of Buscheck and Alcantar (1995). The 25 percent 
source reduction rate falls in the 5 to 50 percent range evaluated for bioventing impact 
on groundwater; however, the biodegradation rate is higher than estimated from 
observed data in 1995. A biodegradation rate this high may be appropriate because the 
steady-state plume method predicts overly conservative rates if the plume is actually 
shrinking. Furthermore, the rate lies within the range of literature values discussed in 
Section 5 3 3.3. The shrinking plume method (Buscheck and Alcantar, 1995) predicts 
a total attenuation rate between 1995 and 1996 at the plume's leading edge of more 
than twice the calibrated degradation rate. This total plume attenuation at a point will 
be lower than the solute degradation rate because source influx is a component only of 
the total plume attenuation rate. 
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SECTION 6 

EVALUATION OF THE REMEDIATION ALTERNATIVE 

The intent of this treatability study is to determine if intrinsic remediation of 
groundwater is an appropriate remedial technology to consider when developing final 
remedial strategies for the Christmas Tree Fire Training Area at Westover ARB. The 
intrinsic remediation alternative consists of three components: 

• Processes of natural attenuation to remediate the groundwater contamination and 
attain remedial goals; 

• Institutional controls to prevent exposure to contaminated groundwater; and 

• LTM to assess site conditions over time, confirm the effectiveness of natural 
attenuation processes at reducing contaminant mass, monitor compliance with 
regulatory requirements, and evaluate the need for additional remediation. 

Remedial alternatives are assessed on the basis of long-term effectiveness, 
implementability, and cost. By definition, natural attenuation is the least expensive 
remedial option. The only costs associated with the intrinsic remediation alternative 
arise from LTM and institutional controls. Both are inexpensive and necessary 
components of most remedial alternatives. The occurrence of natural attenuation 
processes to remediate groundwater at FT-03 is demonstrated in Section 4. In Section 
5, conservative models suggest that these processes, in conjunction with ongoing 
bioventing of source area soils, are sufficient to limit contaminant migration and protect 
downgradient receptors. The remainder of this section is devoted to evaluation of the 
future effectiveness of the intrinsic remediation alternative through attainment of 
remedial goals as measured in a long-term groundwater monitoring program. 

6.1 REMEDIAL SYSTEM FOR SOILS 

To promote aerobic degradation of fuel hydrocarbon contamination in shallow soils, 
a full-scale bioventing system was installed at the Christmas Tree Fire Training Area in 
May 1995. Location of site vent wells and soil gas monitoring points are presented on 
Figure 6.1. Figure 6.1 also includes the proposed new locations for vent wells VW-1 
and VW-2 which will expand the bioventing area of influence on the east side of the 
dissolved BTEX plume. 

Bioventing operations at the Christmas Tree Fire Training Area, have not only 
increased aerobic biodegradation processes in the soil, but also have substantially 
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reduced the amount of contaminant mass available to desorb from contaminated soils 
into groundwater. In addition, outside the source area and where little to no smear 
zone is present, the addition of oxygen to the soil may be promoting oxygen diffusion 
into the groundwater, effectively changing the natural attenuation processes from 
anaerobic to aerobic. Aerobic biodegradation of hydrocarbons is faster than all 
anaerobic natural attenuation processes. The increase in degradation rate resulting from 
a change from anaerobic to aerobic degradation mechanisms can easily explain the 
sudden, rapid decrease in dissolved BTEX contamination over one year. Since May 
1995, bioventing operations have helped to decrease the size of the dissolved BTEX 
plume from 5.7 acres to 2/3 of an acre and have contributed to a 97-percent reduction 
in total dissolved BTEX mass throughout the plume (Figure 4.2). 

The effect of bioventing on the dissolved concentrations of chlorinated solvents in 
groundwater is unclear. The two most likely reactions are both indirect and opposite in 
effect; therefore, the net effect is difficult to predict. The destruction of fuel 
hydrocarbons in source soils will result in a decrease in the mass of fuel hydrocarbons 
dissolving into the groundwater. Ultimately, this may lead to an insufficient supply of 
electron donors in the groundwater to continue to support the highly reducing 
conditions required for reductive dechlorination. On the positive side, bioventing also 
may result in the reduction of chlorinated solvent concentrations in source soils. In this 
case the chlorinated solvents may be destroyed through cometabolic processes, but 
more likely the chlorinated solvents would be stripped from source area soils by the 
movement of soil gas induced by the bioventing system. The elimination of chlorinated 
solvents from source area soils would result in a decrease in the mass of chlorinated 
solvents dissolving into the groundwater. 

Operation of the bioventing system is unlikely to have a significant impact on 
dissolved oxygen concentrations within the area where reductive dechlorination is 
currently occurring. Outside the source area and where little to no smear zone is 
present, bioventing may promote oxygen diffusion into the groundwater; however, 
these areas are beyond the zone where reductive dechlorination appears to occur. 
Dissolved oxygen downgradient from the zone of reductive dechlorination can be 
positive because of the resulting aerobic degradation of the less chlorinated solvents 
(i.e., dichloroethenes and vinyl chloride). In the source area or where a significant 
smear zone is present, any oxygen diffusing into the groundwater would be utilized by 
fuel hydrocarbon degradation within inches of the groundwater surface. 

6.2 REMEDIAL GOALS FOR GROUNDWATER 

The intrinsic remediation strategy assumes that compliance with promulgated, 
single-point remediation goals is not necessary if site-related contamination does not 
pose a threat to human health or the environment (i.e., the exposure pathway is 
incomplete). Therefore, a POC for remedial goals is chosen at a location between the 
contaminant source and potential receptor exposure points. Results of the conservative 
analytical models suggest that BTEX concentrations in excess of 5 |ig/L are not likely 
to migrate more than 475 to 950 feet downgradient from the source area. Therefore, 
an area approximately 1,000 feet downgradient from monitoring well TF-2A, has been 
identified as the POC for groundwater remedial activities because this appears to be 
beyond the maximum extent of future contaminant migration. This is a suitable 
location for monitoring and for demonstrating compliance with protective groundwater 
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quality standards, such as promulgated groundwater maximum contaminant levels 
(MCLs). There are no known potable water wells located within at least 1 mile 
downgradient from site FT-03. The POC location is approximately 1,000 feet 
upgradient from Chicopee Reservoir. Given an estimated advective groundwater 
velocity of 66 ft/yr and a retardation coefficient of 1, the travel time from the POC to 
Chicopee Reservoir is approximately 15 years. 

Available data suggest that exposure pathways involving shallow groundwater do not 
exist under current conditions; however, a pathway could be completed in the future if 
shallow groundwater within approximately 1,000 feet downgradient of monitoring well 
TF-2A is used as a potable or industrial water supply. Because promulgated, single- 
point remediation goals are not in effect in the area of intrinsic remediation, 
institutional controls must be placed on groundwater use within the remediation zone to 
prevent completion of potential future pathways. The institutional controls must remain 
in effect until it can be demonstrated that the potential for pathway completion no 
longer exists. By this mechanism, the magnitude of required remediation in areas that 
can and will be placed under institutional control is different from the remediation that 
is required in areas that may be available for unrestricted use. 

The primary remedial objective for shallow groundwater within and downgradient 
from FT-03 is limiting plume expansion to prevent exposure of downgradient receptors 
to concentrations of BTEX or chlorinated solvents in groundwater at levels that exceed 
regulatory standards. The remedial objective for shallow groundwater at the POC is 
attainment of State of Massachusetts groundwater standards and federal MCLs listed in 
Table 6.1 for each of the BTEX and detected chlorinated solvent compounds. 
Although it is unlikely that groundwater would be ingested by humans, this level of 
long-term protection is appropriate. Because the depths to the water table are greater 
than 40 feet bgs, there are no completed pathways to ecological receptors (e.g., plants 
with root systems extending to the water table). 

TABLE 6.1 
POINT-OF-COMPLIANCE REMEDIATION GOALS 

Christmas Tree Fire Training Area 
Intrinsic Remediation TS 

 .      Westover ARB, Massachusetts  . 
Compound                Massachusetts Groundwater              Federal MCL (ng/L) 
 Standard (p.g/L) •          

Benzene 5 5 
Toluene 1,000 1,000 

Ethylbenzene 700 700 
Total Xylenes 10,000 10,000 

TCE 5 5 
PCE 200 200 

cis-l,2-DCE 70 70 
trans-l,2-DCE 100 100 
Vinyl Chloride : 2        2  
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6.3 LONG-TERM GROUNDWATER MONITORING 

As part of the intrinsic remediation alternative for FT-03, a long-term groundwater 
monitoring plan will be developed on the basis of 1995 groundwater sampling results 
and the analytical models. This LTM plan identifies the location of two separate 
groundwater monitoring networks and develops a groundwater sampling and analysis 
strategy to demonstrate the effectiveness of intrinsic remediation. The strategy 
described in this section is designed to monitor plume migration over time and to verify 
that intrinsic remediation is occurring at rates sufficient to protect potential receptors. 
Prior to implementation of the plan, any interim groundwater results should be 
evaluated to refine the placement of any additional groundwater monitoring wells, if 
needed. In the event that data collected under the LTM program indicate that natural 
processes are insufficient to protect human health and the environment, contingency 
controls to augment the beneficial effects of intrinsic remediation would be necessary. 

Two separate sets of wells will be utilized at the site as part of the intrinsic 
remediation with LTM remedial alternative. The first set will consist of five LTM 
wells located in, upgradient, and downgradient from the observed contaminant plume 
to verify model predictions that natural attenuation is occurring at rates sufficient to 
minimize plume expansion and reduce BTEX concentrations. This network of wells 
will consist of five monitoring wells screened within the shallow aquifer to provide 
short-term confirmation of the effectiveness of intrinsic remediation. An optional 
sentry well is also proposed in the LTM monitoring network. The second set of wells 
will consist of three shallow POC wells located along a line perpendicular to the 
general direction of groundwater flow, approximately 1,000 feet south-southwest of 
monitoring well TF-2A. The purpose of the POC wells is to verify that no BTEX and 
chlorinated solvent concentrations exceeding state groundwater criteria migrate beyond 
the area under institutional control. Available data indicate that groundwater VOC 
concentrations are below current state and federal groundwater BTEX standards except 
in the vicinity of monitoring well TF-2A. Therefore, future contaminant 
concentrations are expected to remain below state and federal standards, as the models 
predict decreases in future contaminant concentrations. Furthermore, source reduction 
by the operational bioventing system should help reduce future contaminant 
concentrations in groundwater. The LTM and POC wells will be sampled and analyzed 
of the parameters listed in Tables 6.2 and 6.3, respectively. 

6.3.1 Long-Term Monitoring Wells 

At five locations, groundwater wells within, upgradient, and downgradient from the 
current BTEX and chlorinated solvent plume will be used to monitor the effectiveness 
of intrinsic remediation in reducing total contaminant mass and minimizing contaminant 
migration at FT-03. Groundwater conditions upgradient from the plume will be 
monitored at well TF-1A. Wells TF-2A and TF-5 will be used to monitor conditions 
in the source area and within the anaerobic treatment zone. Well TF-8 is proposed for 
monitoring the aerobic treatment zone near the downgradient plume boundary. A new 
monitoring well is proposed to monitor immediately downgradient from the plume. 
This well will be screened across the water table in order to intercept the hydrogeologic 
unit that contains the contaminant plume. Figure 6.2 identifies the proposed locations 
of the wells to be used for LTM.   This network will supplement the POC wells to 
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provide evidence of continuing intrinsic remediation and to allow additional response 
time if site conditions deteriorate. 

6.3.2 Point-of-Compliance Wells 

Three POC monitoring wells are proposed for installation approximately 1,000 feet 
south-southwest from monitoring well TF-2A on state park property. Figure 6.2 shows 
the proposed locations of the POC wells. The purpose of the POC wells is to verify 
that no contaminated groundwater exceeding regulatory criteria migrates beyond these 
locations. Although available evidence strongly suggests that the contaminant plume 
wül not migrate beyond this area at concentrations exceeding chemical-specific federal 
MCLs or state groundwater standards, these POC wells are the technical mechanisms 
used to demonstrate protection of human health and the environment and compliance 
with regulatory criteria. These wells will be installed and monitored for the parameters 
listed in Table 6.3 to assure that intrinsic remediation is providing the anticipated level 
of risk reduction and remediation at the site. 

As with the LTM wells, the POC wells will be screened in the same hydrogeologic 
unit as the contaminant plume. Data presented in this report concerning the nature and 
extent of contamination at the site suggest that a 10-foot screen with approximately 8 
feet of screen below the groundwater surface will be sufficient to intercept the 
contaminant plume at this site. 

6.3.3 Sentry Well 

An optional sentry well is proposed for installation adjacent to the furthest 
downgradient LTM well, located approximately 600 feet south of well TF-2A. Figure 
6.1 shows the proposed location of the sentry well. The purpose of the sentry well is 
to verify that contaminated groundwater is not migrating vertically as it travels 
downgradient from the source. This well would be monitored for the parameters listed 
in Table 6.3. 

Unlike the LTM and POC wells, the sentry well will not be screened in the same 
portion of the hydrogeologic unit as the contaminant plume. Data presented in this 
report suggest BTEX contamination not related to FT-03 is present in the deeper zones 
of the shallow aquifer. Therefore, the optional sentry well would have a 10-foot screen 
placed approximately 30 to 40 feet below the water table. 

6.4 GROUNDWATER SAMPLING 

To ensure that sufficient contaminant removal is occurring at FT-03 to meet site- 
specific remediation goals, the long-term groundwater monitoring plan includes a 
comprehensive sampling and analysis plan. Groundwater samples will be collected 
annually from LTM wells to verify that naturally occurring processes are effectively 
reducing the mass and mobility of BTEX and chlorinated solvent contamination. The 
sampling and analysis plan also is aimed at confirming that intrinsic remediation can 
achieve site-specific remediation concentration goals for BTEX and chlorinated ^Ivent 
compounds that are protective of human health and the environment. In the May 1995 
sampling event, concentrations equaled or exceeded regulatory criteria at only four 
locations:  benzene above 5 ng/L was measured at TF-1, TF-2, and TF-2A; and TCE 
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was measured at 7.5 |ag/L from TF-14.  In the July 1996 sampling event, contaminant 
levels suggested regulatory standards had been achieved. 

6.4.1 Sampling Frequency 

Each of the LTM and POC wells should initially be sampled annually for 10 years. 
If the data collected during this time period support the anticipated effectiveness of the 
intrinsic remediation alternative at this site, the sampling frequency could be reduced, 
or sampling could be eliminated. If the data collected at any time during the 
monitoring period indicate the need for additional remedial activities at the site, the 
sampling frequency should be adjusted accordingly. Likewise, if the data indicate that 
the dissolved plume has been remediated to below 5 /*g/L of total BTEX or CAH 
throughout its entire areal extent, LTM could be discontinued. 

6.4.2 Analytical Protocol 

All LTM, and POC wells in the LTM program will be sampled and analyzed to 
determine compliance with chemical-specific remediation goals and to verify the 
effectiveness of intrinsic remediation at the site. At the beginning of each annual 
sampling event, water levels will be measured at all site monitoring wells. 
Groundwater samples will be analyzed for the parameters listed in Tables 6.2 and 6.3. 
A site-specific groundwater sampling and analysis plan should be prepared prior to 
initiating this LTM program. 
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SECTION 7 

CONCLUSIONS AND RECOMMENDATIONS 

This report presents the results of a TS conducted to evaluate the use of intrinsic 
remediation for remediation of fuel-hydrocarbon-contaminated groundwater in the 
vicinity of site FT-03 at Westover ARB, Massachusetts. Site-specific geologic, 
hydrologic, and laboratory analytical data were used to evaluate the occurrence and 
rates of natural attenuation of BTEX compounds dissolved in groundwater. To perform 
the intrinsic remediation demonstration, Parsons ES researchers collected and analyzed 
groundwater samples from the site and utilized data collected during previous site 
characterization events. 

Two lines of evidence were used to document the occurrence of intrinsic remediation 
at FT-03: The documented loss of contaminant mass at the field scale and geochemic^ 
evidence A review of groundwater sampling data obtained from 1989 through 1996 
indicates that the dissolved BTEX concentrations have significantly decreased. 
Furthermore, rates of biodegradation were estimated from flow path analyses using 
conservative tracers and the methods of Buscheck and Alcantar (1995). Comparison of 
BTEX chlorinated solvent, electron acceptor, and biodegradation byproduct isopleth 
maps for both May 1995 and July 1996 sampling events at FT-03 (Section provides 
strong qualitative geochemical evidence of biodegradation of both BTEX and 
chlorinated solvent compounds. Geochemical data strongly suggest that biodegradation 
of fuel hydrocarbons is occurring at the site via aerobic respiration and the anaerobic 
processes of denitrification, iron reduction, sulfate reduction, and methanogenesis In 
addition, the ratio of TCE to the daughter product cis-l,2-DCE suggests that 
chlorinated solvents in the groundwater are being degraded through reductive 
dechlorination. Furthermore, the significant decrease in both dissolved fuel 
hydrocarbon and chlorinated solvent concentrations suggest that bioventing operations 
at FT-03 have had only a positive effect on groundwater remediation. Since May 
1995 bioventing operations, in conjunction with natural attenuation processes, have 
helped to decrease the size of the dissolved BTEX plume from 5.7 acres to 2/3 of an 
acre and to reduce the concentration of BTEX compounds in the groundwater 
throughout the site an average of 97 percent. 

Site-specific geologic, hydrologic, and laboratory analytical data (collected in May 
1995) were used in three conservative analytical models to simulate the effects of 
dispersion and biodegradation on the fate and transport of the dissolved BTEX plume 
Historical and current site-specific data were used for model calibration and 
implementation. Model parameters that could not be obtained from existing site data 
were estimated using widely accepted literature values for soils similar to those found at 
the site.  Conservative aquifer parameters were used to construct the analytical models 

022/722450/WESTOVER/FINALTS/7.DOC 7-1 



for this study, and therefore, the model results presented herein represent worst-case 
scenarios given the other modeling assumptions regarding source removal. 

Two of the analytical models suggested a continued expansion of the BTEX plume 
over the next 10 years. However, throughout all three of the model simulations, source 
area concentrations continued to decrease. At year 50, all of the models suggested 
significant decreases in the source concentration and plume extent. The models 
assumed different source and solute decay rates to model the long-term effects of 
bioventing and changes in the groundwater geochemistry. Implementation of 
bioventing soil remediation systems have been accompanied by source decay rates 
averaging over 90 percent per year in vadose zone soils at other Air Force sites. The 
analytical models suggested a significant decrease in dissolved BTEX concentrations 
and a rapid retreat of the BTEX plume when source decay rates were modeled at 50 
percent per year. July 1996 sampling results support the analytical model prediction of 
significant reduction in dissolved BTEX concentrations with the implementation of 
bioventing at FT-03 (Section 4). 

The results of this study suggest that natural attenuation of BTEX and chlorinated 
solvent compounds is occurring at FT-03. In May 1995, with the exception of 
monitoring well TF-2A, dissolved groundwater BTEX concentrations were below the 
state and federal regulatory guidelines. TCE was detected at a concentration above the 
federal groundwater standard at monitoring well TF-14. However, the remaining 
chlorinated solvents at the site are currently below regulatory guidelines, or have not 
been detected. In July 1996, all detected BTEX and chlorinated solvent concentrations 
were below both the state and federal regulatory guidelines. The estimated rates of 
biodegradation, when coupled with sorption, dispersion, and dilution, should be 
sufficient to maintain dissolved BTEX and chlorinated solvent concentrations at levels 
below current regulatory guidelines. Given the observed retreat of the dissolved BTEX 
and chlorinated solvent plumes, intrinsic remediation and LTM is a viable remedial 
option for BTEX-impacted groundwater at the site. 

To continue to verify the results of the analytical modeling effort, and to ensure that 
natural attenuation is occurring at rates sufficient to protect potential downgradient 
receptors, a LTM plan was developed on the basis of the 1995 groundwater results and 
analytical models. The plan includes sampling and analyzing groundwater from five 
LTM wells for the parameters listed in Table 6.2. In addition, the plan recommends 
that three POC groundwater monitoring wells be installed downgradient from the 
predicted maximum travel distance of the BTEX plume and sampled for the parameters 
listed in Table 6.3. An optional sentry well could be installed in a cluster with the 
farthest downgradient LTM well and sampled as a POC well. Figure 6.2 shows 
suggested locations for the POC, LTM, and sentry monitoring wells. Annual 
monitoring was recommended for a duration of 10 years. At that time, sampling could 
cease, decrease in frequency, or continue annually as dictated by the analytical results. 
On the basis of 1996 groundwater sampling results, it may be possible to reduce the 
number of wells included in the LTM plan as well as the duration of annual 
monitoring. If dissolved BTEX or chlorinated solvent concentrations in groundwater 
collected from the sentry or POC wells exceed regulatory criteria, additional evaluation 
or corrective action may be necessary at this site. 
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Environmental 
'TRODUCTS & SERVICES, INC. 

Subsurface Hole No.:. Tf-\Z 

Sheet     ' 1 OF 2 

Date Started: 

Date Finished: 

5/15/95 

5/15/95 

Client: WAFB 
Location: "Chrlsmas Tree Area" 

Method of Investigation: Advance a 4.25 ID HSA collecting split spoon samples at the surface 
and every 5 feet. Interface sample retained for laboratory analysis. 2" mo'rtqring well installed. 

Project No.: 629M0414 
Proj Mgn      T. Keefe 
Geologist     T. Keefe 

Drilling Co.: Seaboard Environmental 
Driller:        Frank Harrington. Rob Ingram 
Drill Ria:     Mobile B-53 

Weather: Rain 50's 

Depth 

— 5' 

— 15- 

•20 

— 25- 

•30- 

No. 

S1 

S2 

S3 

S4 

S5 

Sample 

Depth (ft.) 

S6 

0-2 

S-7 

10-12 

15-17 

20-22 

25-27 

Blows 

/6" 

1.3 

4,4 

4,12 

15,14 

3.5 

5.6 

5,8 

9,5 

6,5 

4,4 

'N" 

27 

10 

17 

11 

5,6 

7.9 

13 

Recovery 

(ft.) 

Sample 
Description 

1.5 Brown LOAM, and light tan coarse 
SAND. 

1.5 Light tan coarse SAND, and some 
medium GRAVEL. 

1.5 Light tan coarse SAND, and some 
medium GRAVEL. 

1.5 Light tan coarse SAND, and some 
medium GRAVEL. 

H-NU 
Reading 

(PPm) 

Well 
Details 

1.5 Light tan coarse SAND, and some 
medium GRAVEL. 

1.5 Light tan and reddish coarse SAND, 
and some medium GRAVEL. 

Sample Types: S = Split Spoon    T = Shelby Tube 
R = Rock Core     O = Other 

2.5 

0.5 

Cement 
] Sand 

Groundwater 
and Other 

Observations 

steel casing to 3 ft 

above grade 

cement to 2 ft 

native fill to 31 ft 

2 in solid PVC riser 

Native Fill 

Bentonite 



1 Environmental 
PRODUCTS & SERVICES, INC. 

Subsurface Hole. No.:   TF-I2L 

Sheet    ' 2 OF 2 

Date Started:        5/15/95 

Date Finished:      5/15/95 

Client: WAFB 
Location: *Chrismas Tree Area" 

Method of Investigation: Advance a 4.25 ID HSA collecting split spoon samples at the surface 
and every 5 feet. Interface sample retained for laboratory analysis. 2" moitpring well installed. 

Project No.: 629M0414 
ProJ Mgn      T. Keefe 
Geologist     T. Keefe 

Drilling Co.: Seaboard Environmental 
Driller:        Frank Harrington Rob Ingram 
Drill Ria:     Mobile B-53 

Weather:           Rain 50's 

Depth 
(ft.) 

Sample 
Sample 

Description 

H-NU 
Reading 
(ppm) 

Well 
Details 

Groundwater 
arid Other 

Observations No. Depth (ft.) 

Blows 

/6" "N" 

Recovery 

(ft.) 

S7 30-32 3.7 17 1.5 light tan coarse SAND, and some 
medium GRAVEL. 

o         ■      ■ native fill 

10,7 H            12 ft of benlonite 

0 

0 

0 

XfV 

sand pack to 33 ft 

water table at 39 ft 

2 in 0.010 slot PVC 

well screen 

point set at 45 ft 

35 
S8 35-37 6,11 24 1.5 Light tan coarse SAND, and some 

medium GRAVEL. 
13,17 

1 |&<40 
S9 40-42 6.10 20 1.5 Light tan coarse SAND, and some 

medium GRAVEL. 
10.13 

45 
S10 45-47 1 1 0.0 Light tan coarse SAND, and some 

medium GRAVEL. 

. 

• 

50 

55 

g 1 
— ou —■ ■ ■ ■—■ ■ ■ ■ 
Sample Types:     S = Spfit Spoon    T = Shelby Tube 

R = Rock Core     O = Other 
■ll Cem ent      iHiiiiiiii Native Fill 

1 
|i«§Ii| San ■HH Benton'rte                  • 



• nvjronmental 
PRODUCTS & SERVICES. INC. 

Subsurface Hole No.-   TF'ß 

Sheet     ' 1 OF 2 

Date Started: 

Date Finished: 

5/15/95 

5/15/95 

Client: WAFB 
Location: "Chrlsmas Tree Area" 

Method of Investigation: Advance a 4.25 ID HSA collecting split spoon samples at the surface 
and every 5 feet. Interface sample retained for laboratory analysis. 2" mo'rtoring well installed. 

Project No.: 629M0414 
Pro) Mgn      T. Keefe 
Geologist     T. Keefe 

Depth 

— 5 

— is- 

-20' 

— 25- 

— 30' 

No. 

S1 

S2 

S3 

S4 

S5 

Sample 

Depth (n.) 

S6 

1 

0-2 

S-7 

10-12 

15-17 

20-22 

Blows 

IGT 

3.5 

5,5 

8,2 

25.25 

8,8 

8,9 

3S 

5,6 

6,8 

12.12 

"N" 

10 

27 

16 

10 

20 

25-27 8.10 

12,11 

Recovery 

1.5 

1.5 

1.5 

1.5 

Drilling Co.: Seaboard Environmental 
Drillen        Dave Pitcher. Robert Carlisle 
Drill Ria:     Mobile B-53   

Sample 
Description 

Brown LOAM, and light tan coarse 
SAND. 

Light tan coarse SAND, and some 
medium GRAVEL. 

Light tan coarse SAND, and some 
medium GRAVEL.. 

H-NU 
Reading 

(PPm) 

Light tan coarse SAND, and some 
medium GRAVEL. 

2.0 

22 1.5 

Light tan and gray coarse SAND, 
and some medium GRAVEL. 

Light tan and gray coarse SAND, and 
some medium GRAVEL. 

Sample Types: S = Spflt Spoon 
R = Rock Core 

T = Shelby Tube 
0 = Other: 

Cement 
Sand 

Weather: Rain 50's 

Well 
Details 

Groundwater 
and Other 

Observations 

steel casing to 3 ft 

above grade 

cement to 2 ft 

native fill to 31 ft 

2 in solid PVC riser 

Native Fill 

Bentonite 



• nvironmental 
PRODUCTS & SERVICES. INC. 

Subsurface 

Client: WAFB 
Location: "Chrismas Tree Area" 

Hole No.:  TF-13 

Sheet     ' 2 OF 2 

Date Started: 

Date Finished: 

5/1E/95 

5/15/95 

Method of Investigation: Advance a 4.25 ID HSA collecting split spoon samples at the surface 
and every 5 feet. Interface sample retained for laboratory analysis. 2* mo'rtqring well installed. 

Project No.: 629M0414 
Pro) Mgr      T. Keefe 
Geoloaist     T. Keefe 

Depth 
(ft.) 

-35" 

— 45' 

-50- 

—65- 

No. 

S7 

S8 

S9 

S10 

Sample 

Depth (ft.) 

30-32 

35-37 

40-42 

45-47 

— 60- 

Blows 

/6" 

10,11 

14,20 

12,16 

18,21 

10.12 

19.18 

8,9 

14,15 

25 

34 

31 

23 

Recovery 

(ft) 

2.0 

1.5 

1.5 

2.0 

Drilling Co.: Seaboard Environmental 
Drillen        Dave Pitcher, Robert Carlisle 
Drill Ria:      Mobile B-53 

Sample 
Description 

Light tan and gray coarse SAND, and 
some medium GRAVEL. 

Light tan and gray coarse SAND, and 
some medium GRAVEL. 

Light tan coarse SAND, and some 
medium GRAVEL. 

Light tan coarse SAND, and some 
medium GRAVEL. 

H-NU 
Reading 

(PPm) 

Sample Types:     S = Split Spoon    T= Shelby Tube 
R = Rock Core     0 = Other. 

Cement 
Sand 

Weather: Rain 50's 

Well 
Details 

Groundwater 
and Other 

Observations 

native fill 

2 ft of bentonite 

sand pack to 33 ft 

water table at 40 ft 

2 in 0.010 slot PVC 

well screen 

point set at 45 ft 

Native Fill 

Bentonite 



invironmental 
PRODUCTS & SERVICES. INC. 

Subsurface 

Client: WAFB 
Location: "Chrismas Tree Area" 

Hole No.:   TF'IH 

Sheet     ' 1 OF 2 

Date Started: 

Date Finished: 

5/16/95 

5/15/95 

Method of Investigation: Advance a 4.25 ID HSA collecting split spoon samples at the surface 
and every 5 feet. Interface sample retained for laboratory analysis. 2" moitqring well installed. 

Project No.: 629M0414 
ProJ Mgr:      T. Keefe 
Geoloaist     T. Keefe 

Depth 
(ft.) 

— 5' 

LlO- 

■15- 

•20" 

— 25" 

— 30' 

No. 

S1 

S2 

S3 

S4 

S5 

Sample 

Depth (ft.) 

S6 

0-2 

5-7 

10-12 

15-17 

20-22 

Blows 

/6" 

_2,3_ 

4,4 

17.18 

24,25 

7,11 

12.12 

5,8 

10.11 

6,9 

11.14 

"N" 

42 

23 

18 

20 

25-27 10,20 

22,23 

Recovery 

(ft.) 

1.0 

1.5 

1.5 

1.5 

1.5 

42 

Drilling Co.: Seaboard Environmental 
Driller:        Dave Pitcher. Robert Carlisle 
Drill Ria:     Mobile B-53 

Sample 
Description 

Brown LOAM, and light tan coarse 
SAND. 

Light tan coarse SAND, and some 
medium GRAVEL. 

Light tan coarse SAND, and some 
medium GRAVEL. 

H-NU 
Reading 

(PP™) 

Light tan coarse SAND, and some 
medium GRAVEL. 

Light tan coarse SAND, and some 
medium GRAVEL. 

2.0 Light tan coarse SAND, and some 
medium GRAVEL. 

Sample Types:     S = Split Spoon    T = Shelby Tube 
R = Rock Core     0 = Other 

Cement 
Sand 

Weather: Rain 50's 

Well 
Details 

Groundwater 
and Other 

Observations 

steel casing to 3 ft 

above grade 

cement to 2 ft 

native fill to 31 ft 

2 in solid PVC riser 

Native Fill 

Benton'rte 



I ̂Environmental 
PRODUCTS 8, SERVICES. INC. 

Subsurface Hole No... Tf'jH 

Sheet    ' 2 OF 2 

Date Started:        5/16/95 

Date Finished:      5/15/95 

Client: WAFB 
Location: "Chrismas Tree Area" 

Method of Investigation: Advance a 4.25 ID HSA collecting split spoon samples at the surface 
and every 5 feet. Interface sample retained for laboratory analysis. 2" moitoring well installed. 

Project No.: 629M0414 
ProJ Mgn      T. Keefe 
Geotoajst     T. Keefe 

Drilling Co.: Seaboard Environmental 
Driller        Dave Pitcher. Robert Carlisle 
Drill Ria:     Mobile B-53 

Weather:            Rain 50's 

Depth 
(ft.) 

Sample 
Sample 

Description 

H-NU 
Reading 
(ppm) 

Well 
Details 

Groundwater 
and Other 

Observations No. Depth (ft.) 

Blows 

/6" "N" 

Recovery 

(ft.) 

S7 30-32 9.12 28 1.5   - Light tan coarse SAND, and some 
medium GRAVEL. 

o   ■ ■ native fill 

16.17 ^M            12 ft of bentonite 

0 

0 

0 

= 

11 
sand pack to 33 ft 

water table at 40 ft 

2 in 0.010 slot PVC 

well screen 

point set at 45 ft 

- 
35 

S8 35-37 17.25 54 1.5 Light tan and gray coarse SAND, and 
some medium GRAVEL. 

29.16 

1 t40 
S9 40-42 6.14 35 1.5 Light tan coarse SAND, and some 

SILT.. .' 
21.36 

45 
S10 45-47 10,12 20 2.0 Gray coarse SAND. 

8.9 

• 

50 

55-' 

Jh IP I 
— 60 — 

3Twr,o«=-     S = Split Spoon    T = Shelby Tube mUB Corr ,fint      ^^^^ Native Fill 
R = Rock Core     O = Other. I    ..   ' l San i^^Hi Bentonite 

 ■ 



6 nvironmental 
PRODUCTS & SERVICES, INC. 

Subsurface Hole No.:   Tp-|5" 

Sheet     ' 1 OF 2 

Client: WAFB 
Location: "Chrismas Tree Area" 

Date Started: 

Date Finished: 

5/15/95 

5/15/95 

Method of Investigation: Advance a 4.25 ID HSA collecting split spoon samples at the surface 
and every 5 feet. Interface sample retained for laboratory analysis. 2" mo'rtoring well installed. 

Project No.: 629M0414 
Pro) Mgn      T. Keefe 
Geologist     T. Keefe 

Depth 

JILL 

— 5' 

,r 
■15' 

— 20- 

— 25" 

No. 

SI 

S2 

S3 

Sample 

Depth (ft.) 

S4 

S6 

0-2 

5-7 

10-12 

Blows 
16" 

1.5 

2.1 

1.11 

13,13 

3,4 

15-17 

S5        20-22 4.7 

57 

•N" 

24 

Recovery 

(ft-) 

6,9 

11.13 

25-27 

7.7 

20 

14 

6,7 

7.8 

14 

0.5 

Drilling Co.: Seaboard Environmental 
Driller:       Frank Harrington Rob Ingram 
Drill Ria:     Mobile B-53   

Weather: 

Sample 
Description 

Brown LOAM, and light tan coarse 
SAND. 

Brown LOAM and light tan coarse 
SAND, and some medium GRAVEL.. 

H-NU 
Reading 
(ppm) 

0.5 

1.0 

Light tan coarse SAND, and some 
medium GRAVEL. 

Coarse tan SAND. 

0.3 

1.5 

Coarse tan SAND. 

Light tan and reddish coarse SAND, 

— 30 
Sample Types:     S = Split Spoon   T = Shelby Tube 

R = Rock Core     0 = Other 
Cement 
Sand 

Rain 50's 

Well 
Details 

Groundwater 
and Other 

Observations 

steel casing to 3 ft 

above grade 

cement to 2 ft 

native fill to 36 ft 

2 in solid PVC riser 

Native Fill 

Bentonite 



* 
nvironmental 

'PRODUCTS & SERVICES. INC. 
Subsurface 

Client: WAFB 
Location: 'Chrlsmas Tree Area" 

Hole No.: TF" 15 

Sheet     '2 OF 2 

Date Started: 

Date Finished: 

5/15/95 

5/15/95 

Method of Investigation: Advance a 4.25 ID HSA collecting split spoon samples at the surface 
and every 5 feet. Interface sample retained for laboratory analysis. 2" mo'rtoring well installed. 

Project No.: 629M0414 
ProJ Mgn      T. Keefe 
Geologist     T. Keefe 

Depth 

-35' 

i40- 

— 45' 

No. 

S7 

S8 

S9 

S10 

-so- 

— 55" 

— 60- 

Sample 

Depth (ft.) 

30-32 

35-37 

40-42 

45-47 

Blows 
/6" 

8.9 

9.9 

5.9 

10.11 

10.13 

15.22 

7.6 

5,5 

50-52 

"N" 

18 

19 

28 

11 

Recovery 

(ft) 

1.5 

1.5 

1.5 

1.0 

Drilling Co.: Seaboard Environmental 
Drillen        Frank Harrington Rob Ingram 
Drill Ria:     Mobile B-53   

Sample 
Description 

Coarse gray SAND. 

Coarse gray SAND. 

Light tan and reddish coarse SAND. 

Coarse tan SAND. 

H-NU 
Reading 

(PPm) 

o.o No sample was retained by the split 
spoon. 

Sample Types:     S = Spot Spoon    T = Shelby Tube 
R = Rock Core     0 = Other: 

1111 Cement 
iiiiiill Sand 

Weather: Rain 50's 

Well 
Details 

Groundwater 
and Other 

Observations 

native fill 

12 ft of bentonite 

sand pack to 38 ft 

water table at 44 ft 

2 in 0.010 slot PVC 

well screen 

point set at 50 ft 

JL 

Native Fill 

Bentonite 



e vironmental 
PRODUCTS & SERVICES. INC. 

Subsurface Hole No.: TF~/& 

Sheet    ' 1 OF 2 

Date Started: 

Date Finished: 

5/18/95 

5/18/95 

Client: WAFB 
Location: Chicopee State 

Method of Investigation: Advance a 4.25 ID HSA collecting split spoon samples at the surface 
and every 5 feet. Interface sample retained for laboratory analysis. 2' mottoring well installed. 

Project No.: 629M0414 
Pro) Mgn      T. Keefe 
Geologist     T. Keefe 

Depth 

— 5 

-15- 

■20- 

— 25" 

No. 

SI 

S2 

S3 

S4 

SS 

Sample 

Depth (tt.) 

S6 

0-2 

S-7 

10-12 

15-17 

Blows 

/6- 

1,2 

2.3 

S.12 

17.16 

6,8 

10.10 

S.4 

6,7 

20-22 

25-27 

6.9 

8.10 

'N" 

29 

18 

10 

17 

Recovery 

1.5 

1.0 

1.5 

Drilling Co.: Seaboard Environmental 
Driller:        Frank Harringtoa Rob Ingram 
Drill Ria:     Mobile B-53 

Weather: 

Sample 
Description 

Fine tan SAND, some coarse SAND 
and some brown LOAM. 

Rne tan SAND, and some coarse 
SAND 

Rne tan SAND, and some coarse 
SAND. 

Rne tan SAND, and trace reddish fine 
SAND. 

H-NU 
Reading 

22 

no odor 

300 

no odor 

1.5 

6,10 

12.12 

22 1.5 

Rne tan SAND. 

600 

no odor 

good calibration 

30 

no odor 

Overcast 60's 

Well 
Details 

200 

no odor 

Rne tan SAND. 

-30- 
Sample Types:     S = Split Spoon    T = Shelby Tube 

R = Rock Core     0 = Other 

100 

no odor 

Cement 
Sand 

Groundwater 
and Other 

Observations 

steel casing to 3 ft 

above grade 

cement to 2 ft 

native fill to 35 ft 

2 in solid PVC riser 

Native Fill 

Benton'rte 



nvironmental 
RODUCTS & SERVICES. INC. 

Subsurface 

Client: WAFB 
Location: Chicopee State Park 

Hole No.:  TP-/6 

Sheet    ' 2 OF 2 

Date Started: 

Date Finished: 

5/18/95 

5/18/95 

Method of Investigation: Advance a 4.25 ID HSA collecting split spoon samples at the surface 

and every 5 feet. Interface sample retained for laboratory analysis. 2" moitoring well installed. 

Project No.: 629M0414 
Pro) Mgn      T. Keefe 
Geoloqist     T. Keefe 

Depth 

(ft-) 

-35- 

:40- 

—45- 

— 50- 

— 55- 

— 60- 

No. 

S7 

S8 

S9 

S10 

Sample 

Depth (ft.) 

30-32 

35-37 

40-42 

45-47 

Blows 

10,16 

18.23 

17.15 

18.23 

10.13 

14.13 

65 

10.9 

50-52 

"N" 

34 

33 

27 

Recovery 

(ft) 

2.0 

1.5 

1.5 

Drilling Co.: Seaboard Environmental 
Driller:        Frank Harrington. Rob Ingram 
Drill Ria:     Mobile B-53   

Sample 

Description 

Fine tan SAND. 

Fine gray SAND, some reddish fine 

SAND. 

Fine tan SAND. 

15 

6.11 

9.12 

20 

2.0 

2.0 

H-NU 

Reading 

Rne tan SAND, some fine reddish 

SAND. 

Rne tan SAND, and coarse SAND. 

Sample Types:     S = Split Spoon    T = Shelby Tube 
R = Rock Core     0 = Other. 

90 

no odor 

10 

no odor 

5 

no odor 

4 

no odor 

30 

no odor 

Weather: Overcast 60's 

Well 

Details 

Cement 

Sand 

Groundwater 
and Other 

Observations 

native fill 

|2ltofbentonile 

sand pack to 37 ft 

water table at 43 ft 

2 in 0.010 slot PVC 

well screen 

point set at 50 ft 

Native Fill 

Bentonite 



APPENDIX A-2 

GROUNDWATER SAMPLING FORMS 

022/722450/WESTOVER/8.WW6 



SAMPLING LOCATION Wf™"* ARR   P™8 

SAMPLING r>ATF/S->     ^77/f5  

GROUND WATER SAMPLING RECORD - MONITORING WELL    "Tf^ '4 

REASON FOR SAMPLING: \pQ Regular Sanwling;  [ ] Special Stapling;    ^_^ 
DATE AND TIME OF SAMPLHsIQ: 5   tm^fft/, 1935 J2l_ *.mJ&9? 
SAMPLE COLLECTED BY: jQy/MV of JParsOnS F,S. Denver 
WPATHKR- flWu   6.0 _ _ .  
DATUM FOR WATER DEPTH MEASUREMENT (Describe):_IQC.  

(number) 

MONITORING WELL CONDITION: 
[tf LOCKED: ^-^ [] UNLOCKED 
WELL NUMBER (IS -gf^paO APPARENT , , 
STEEL CASING CONDITION is-   £=/wL l,**x^ P~/ * ^rtt/y <.r*ü&l <**l pylli^««r*rft*~- 
INNER PVC CASING CONDITION IS: Q\l "^ 
WATER DEPTH MEASUREMENT DATUM^IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe): — 

Check-off 
IN EQUIPMENT CLEANED BEFORE USE WITH  fll^*& (A^cr 

Items Cleaned ("«*)• ftr»J6*  Jfe-k-H»*" iisv^ 

2[] PRODUCT DEPTH        ^A  -JT- BELOW DATUM 
Measured with:_/r^  ■  

WATER DEPTH          HUl (l/life )     folb~lT.fr ) 9».2* feM^FT. BELOW DATUM 
Measured ""*• i»^-*-'     M <*A V^x^r _  

3 [ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
/jpr.paranrtv     OfjM-l-f        CJ*A>j _  

OHni" IOM<, —  

Other Comments:. 

4M WELL EVACUATION: - j-    * 
1 J H"^     frn,Kfo    MI'WP   F    *W 

Volume Removed:_itß. 
Observations:      Water (slightly - ven^doudy u/y 

Water level (rose-<|elJ/no change)    HIV 
Water odors:    fiJ crw.e_ 
Other comments:. 

6*   *><k,        ?H    1.7*      T^  7i.3      A0.&.4O 

m:\forms\gwsample.doc 
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Ground Water Sampling Record - Monitoring Well No.      T^-V (Cont'd) 

5[] 

6[] 

SAMPLE EXTRACTION METHOD: 

($   Bailermadeof:       frQPE     (t^<,(x>s.\\>l*-~) 
[ ]  Pump,type:_ 
[ ]  Other, describe:  

Sample obtained is [ ]  GRAB; [ ]  COMPOSITE SAMPLE 

ON-SITE MEASUREMENTS: 
Temp: 13. j ° 0 
PH:    {,,(,3 
Conductivity: 

Measured with:     /Jn'^    9-5 g A-  YS 1. j>5 
Measured with:    /ir-.v^  ^ffl f\  
Measured with:   

Dissolved Oxygen: 6» itS^ll- Measured with:   YS ~L   57? 
Redox Potential:  Measured with:  
Salinity:  Measured with:  
Nitrate:  Measured with:  
Sulfate:  Measured with:  
Ferrous Iron:  Measured with:  
Other:  

7[] SAMPLE CONTAINERS (material, number, size):. 

8[] ON-SITE SAMPLE TREATMENT: 

[] Filtration: Method. 
Method. 
Method. 

Containers:. 
Containers:. 
Containers: 

9[] 

10 [ ] 

[] Preservatives added: 

Method. 
Method. 
Method. 
Method 

CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

OTHER COMMENTS: 

Containers:. 
Containers:. 
Containers:. 
Containers:. 

m:\forms\gwsamplc.doc 
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SAMPLING LOCATION Wwrtnvw AttB.   FT-08 
SAMPLING DATE(S)_T_54Z/S£  

GROUND WATER SAMPLING RECORD - MONITORING WELL     TF~   th 
(number) 

REASON FOR SAMPLING: |X] Regular Sampling;  [ ] Special Sampling; 
DATE AND TIME OF SAMPLING:     <//7 > 193Z     U'* PLttJG.:_4^X. 

:_CQM/MV SAMPLE COLLECTED BY _ 
WEATHER:_J:L&i££->-is2 — 
DATUM FOR WATER DEPTH MEASUREMENT (Describe):_IQC_ 

nf parsons ES. Denver 

2[] 

3[] 

MONITORING WELL CONDITION: 
ftf LOCKED:      ~ [] UNLOCKED ^ 
WELL NUMBER (IS) IS NOT) APPARENT b„i*-^U^W^c    ^ 
STEEL CASING &MTION TS-   QUO6) I^KPW f^ tt K*,rtU<ruW *■   -*******&* -* 
INNER PVC CASING CONDITION IS:  GtM.  
WATER DEPTH MEASUREMENT DATUM(IS> IS NOT) APPARENT 
r -i TNircT/-.TT7VTrrncrT«wwT7r,TPnRYRAMPT.K COLLECTOR [ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR > 
r 1 MONITORING WELL REQUIRED REPAIR (describe):   fW-rtw* 'TviuMt '^^f 

Check-off 
1[] EQUIPMENT CLEANED BEFORE USE WITH. 

Items Cleaned (List):_  

PRODUCT DEPTH >^A 

Measured with: AM 

WATER DEPTH     Mb 77    ri>. £N$** (S/b}&) 
Measured with:. UJO-A-W       V<-xi-«-X    -^fif 

WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:_4i£a£  — 
OHr.1- fJU^t   

Other Comments:. 

_FT. BELOW DATUM 

FT. BELOW DATUM 

4[] WELL EVACUATION: -.-,-* « 

Volume Removed: . -— 
Observations:      Water (slightly - very) cloudy Ucv 

Water level (rose - fell - no change) 
Water odors:  
Other comments:. 

«4 
pH-tf 7*"? ,5-^      -6^J>-      £>vt?. tö.fr 

7<w if J 

m:\forms\gwsample.doc 
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Ground Water Sampling Record - Monitoring Well No.       T"F~ \ A (Conf d) 

5[] 

6[] 

7[] 

8[] 

SAMPLE EXTRACTION METHOD: 

« 

Bailer made of:_ 
Pump, type:_ 

[ ]  Other, describe:. 

^P£ • 

Sample obtained is [ ]  GRAB; [ ]  COMPOSITE SAMPLE 

ON-SITE MEASUREMENTS: 
Temp:    )3. ^ 
PH:     L Vi 

*C 

Conductivity:  
Dissolved Oxygen:    /p.q3 
Redox Potential:  
Salinity:  
Nitrate:  
Sulfate:  
Ferrous Iron:  
Other: . ___ 

Measured with:_ 
Measured with:_ 
Measured with:_ 
Measured with:_ 
Measured with:_ 
Measured with:_ 
Measured with:_ 
Measured with:_ 
Measured with: 

$*JSZ  £? 
<^-y\^ <2ti> A 

K* & 

SAMPLE CONTAINERS (material, number, size):. 

ON-SITE SAMPLE TREATMENT: 

[] 

[] 

Filtration: Method. 
Method. 
Method 

Preservatives added: 

Containers:. 
Containers:. 
Containers: 

9[] CONTAINER HANDLING: 

Method. 
Method. 
Method. 
Method. 

Containers:. 
Containers:. 
Containers:. 
Containers: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [] OTHER COMMENTS: 

m:\forms\gwsample.doc 
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SAMPLING LOCATION WmtmrerAKTV   FT-08 
SAMPLING nATF/S) S/l*f&  

GROUND WATER SAMPLING RECORD - MONITORING WELL. T"r"3 

REASON FOR SAMPLING: ft Regular Sampling;  [ ] Special Sampling; 
DATE AND TIME OF SAMPLING: £tor& » 19 ,W    a.mJp.m. 
SAMPLE COLLECTED BY: ( DM/MV '  , of J>arsons ES. Denver 
WFATHFR-   /»/.■» Jy hC? 

(number) 

DATUM FOR WATER DEPTH MEASUREMENT (Describe):_lQC_ 

MONITORING WELL CONDITION: 
M" LOCKED: ^-, 
WELL NUMBER@S> IS NOT) APPARENT 

Check-off 
1[] 

2[] 

3[] 

4[] 

[ ] UNLOCKED 

STEEL CASING CONDITION IS: £W. VvMjever. t>d ö t\  P^vr tt^thtr^ STEEL CASING CONDI 11UJN IN- UJW \ "^ 
INNER PVC CASING CONDITION IS: Ci^j4 
WATER DEPTH MEASUREMENT DATUM®- IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

EQUIPMENT CLEANED BEFORE USE WITH fft.^f Ciru^fe UfrMr ß«i\ 
Items Cleaned (List): fiutedt Ü    T^Tfbpy) * IP- 

PRODUCT DEPTH. f^A _FT. BELOW DATUM 

Measured with:   MA 

WATER DEPTH       **Z. US f M-ll       "L/TO (*Afä) 
Measured wirtv       *Q<*_W        l*^\ p<~o\>g_ 

_FT. BELOW DATUM 

WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:      Clear* __  

• OHnr:      AJt>v.t- _  
Other Comments:_n 

WELL EVACUATION: ^ _ 
M^UnA-    /Vowdh*   )l*A,-Mo It- 
Volume Womnvftfi-     //<ScJ 
Observations: Water (slightly - very) cloudy &ee*r 

Water level (rose - fell - no change) }0oY Ha»;m3l htca^st. Jr<f nof *_/>§< 
Water odors:  V>   /*h»,Axr fc**-;* »^^ *> 
Other comments:  ■&Uvy>W  ..»L-U   4a-.?/"» 

76H     5-6«i     pH   G.H2       7er?  13,7       A*,   Z<]5 

7<A 

7* IS -6&I    j>H MZ 
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Ground Water Sampling Record - Monitoring Well No. IF-^ (Confd) 

5[] 

6[] 

7[] 

8[] 

9[] 

SAMPLE EXTRACTION METHOD: 

pij Bailer made of:    UbPE" 

10[] 

[ ] Pump,type:_ 
f 1  Other, describe: 

Sample obtained is W  GRAB; [ ] COMPOSITE SAMPLE 

ON-SITE MEASUREMENTS: 
Temp:     )7>S     °   C- 
pH:      C.UO 

Measured with:   Y$ £ 
Measured with: O M^ 

• v■ i ••. 

Conductivity: Measured with: 
Dissolved Oxygen:  V.2_\      ***\l\ 
Redox Potential: 

Measured with:  V5~£. 
Measured with: 

Salinity: Measured with: 
Nitrate: Measured with: 
Sulfate: Measured with: 
Ferrous Iron: Measured with: 
Other 

SAMPLE CONTAINERS (material, number, size): - 

ON-SITE SAMPLE TREATMENT: 

f 1                Filtration:            Method 
Method 
Method 

Containers: 
Containers: 
Containers: 

[ ]                Preservatives added: 

Method 
Method 
Method 
Method 

Containers: 
Containers: 
Containers: 
Containers: 

CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

OTHER COMMENTS: 
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• 

SAMPLING LOCATION Westover ARB.   FT-08 
SAMPLING r>ATF/s;>   S/Htftt      

GROUND WATER SAMPLING RECORD - MONITORING WELL     Th ~*j 

REASON FOR SAMPLING: $ Regular Sampling;   [ ] Special Sampling; 
DATE AND TIME OF SAMPLING:    *})%               19^2     0^b    a.m7p.m. 
SAMPLE COLLECTED BY: _DM/MV of Jarsons ES. Denver 

(number) 

DATUM FOR WATER DEPTH MEASUREMENT (Describe):_IQC_ 

MONITORING WELL CONDITION: 
[ ] LOCKED: ^-^ ^J UNLOCKED 
WELL NUMBER as-/KNQ35) APPARENT . . 
STEEL CASING CONDTTlON TS- A^/vh l^rfuttf, j>eJ ,? 3&erd* Cfr*kM*r MM. 
INNER PVC CASING CONDITION IS:   6craL — .  
WATER DEPTH MEASUREMENT DATUM/IsJjS NOT) APPARENT   Os-beUdJ 
[ ] DEFICIENCIES CORRECTED BY SAMPEECOLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):—_  

Check-off 
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH Qr<^6rt " Tktiik-- " l^hr^^h 

Items Cleaned (List): ftvKiff' J^ftonfi, T>eZ 

2[] PRODUCT DEPTH fOh  FT. BELOW DATUM 
Measured with:_^T ; —  

WATPPHPPTH        m*bl5*l.?U      U.Lfr.i>-  S/l\/& FT. BELOW DATUM 
Measured with:     \o&At.-       W^ci    p^&bg   

3 [ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
'I Appearance:_£lC£±i__  .  

Odor: timy*. 

Other Comments 

4[] WELL EVACUATION: UUAUUN: _ p 

Volume RpmnveH:    iy yxl  . .  
Observations:      Water (slightly - very) cloudy       Clear* 

Water level (rose - fell - no change) /jj/- He<nsvrt«/   $ e c   TPS 
Water odors:    h^o^^t   
Other comments: .  — 

5&A- Dt»*-    ?H   (,o* T«~?W   p.o. 5.o<\ 

IOGöA'****    pH    £.*# 4w'?3    ■,. o.a. */•«* 
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Ground Water Sampling Record - Monitoring Welt No.  ' ■ •' *~VF" ~ H     (Cont'd)    / 

5 [ ] SAMPLE EXTRACTION METHOD: 

|#   Bailer made of:    \\b?E 
[ ]  Pump,type:_ 
[ ]  Other, describe:  

• 

Sample obtained is M   GRAB; [ ]   COMPOSITE SAMPLE 

6[] 

7[] 

8[] 

ON-SITE MEASUREMENTS: 
Temp:     \l3 
pH:     6.oq 

Measured with:     j S1 
Measured with:  e,r-ion 
Measured with:  Conductivity:  

Dissolved Oxygen:  H .86   t*c. f i     Measured with:   ^Sr 
Redox Potential 
Salinity: 
Nitrate: _ 
Sulfate: 

Measured with:. 
Measured with:_ 
Measured with:. 
Measured with: 

Ferrous Iron: Measured with: 
Other: 

SAMPLE CONTAINERS (material, number, size): 

ON-SITE SAMPLE TREATMENT: 

[] Filtration: Method, 
Method. 
Method 

Containers:. 
Containers:. 
Containers: 

• 

[] Preservatives added: 

Method. 
Method. 
Method. 
Method. 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[]     Containers Placed in Ice Chest 

10[] OTHER COMMENTS:. 
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SAMPLING LOCATION Wffll™^ ARB   P™8 

SAMPLING DATE(S)_ -T/'*/?** _ 

GROUND WATER SAMPLING RECORD - MONITORING WELL    TF-fl 

REASON FOR SAMPLING: M Regular Sampling;  [ ] Special **$»* 
DATE AND TIME OF SAMPLING: jjjl . Wjl y^^ "■££«_ 
SAMPLE COLLECTED BY^. HM/MV •__ of Jasons PS. Denver 

(number) 

WEATHER:   MtfVriy—se-£ ,    
DATUM FOR WATER DEPTH MEASUREMENT (Describe): JTQC. 

MONITORING WELL CONDITION: * 
[ ] LOCKED: /—~^ ^ UNLOCKED 
WELL NUMBER (IS -(iSNC^APPARENT t^ruM,d 
STEEL CASING CONDITION IS:—&&zA. SlbCJL. UAÖ1JNVJ w«uiuv/" »w. ^  »■»■     ~ j  

INNER PVC CASING CONDITION IS:—(t «>4 ^    . —- —: 
WATCR DEPTH MEASUREMENT DATUM(IS- &M$ APPARENT -<Ärrrr* *d 
r 1 DEFICIENCIES CORRECTED BY SAMPLE COTXECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):_^ki=t. 

Check-off UT~    «imma^™**™™. *•   «'-   ::l±   £%£&&. 

 ■ 717; "       ' FT. BELOW DATUM 
2 [ ] PRODUCT DEPTH £M . —'  

Measured with:   A/A . — ■       ■ ~ 

U? n*) 147. HO  FT. BELOW DATUM WATER DEPTH    HZ-ttf H^n^ __  
Measured with:__üü>ii£ l±üsJ—p/*>»>*■ _  

3 r I WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Apprnmn—    fy *-»*>'   -ftijw»^ .  — 

Odor:__A^^ j, ; ; ;—T^n <, ~~ -H ,< & 
OtherPnmmrnt-  (■*»'  '<*< «ft™***    ^   <1^<W,1      ly<m**  -*»'* & 

 ■ c#iCcW«s/w 

4M WELL EVACUATION: O   r    a    7T   Pw„  

Volume Removed: ZA VU1U1UG RWIIUIV" ■"   ■ , 

Observations:      Water (slightly - very) cloudy     C\tfl*' 
Water level (rose - fell - no change) /Jn. 
Water odors:  .  
Other ™™mpnf£" fyi* />f thee*  

cq    5-6**    rf u.os       TerfiZ-i*      />.©*'£.33 
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Ground Water Sampling Record - Monitoring Well No.'  '    V F ~[X . (Cont'd) 

5[] 

6[] 

7[] 

8[] 

SAMPLE EXTRACTION METHOD: 

fä Bailer made of:__}VD££_ 
[ ]  Pump,type:_ 
[ ] Other, describe: £<z*~?l*.  ,JCAS   cJtnnt^  krou^r, 

Sample obtained is [H]  GRAB; [ ]   COMPOSITE SAMPLE 

ON-SITE MEASUREMENTS: 
Temp:   |2.-1        ° 
PH:   >.»<>( 

Measured with:. 
Measured with:_ 
Measured with: 

e~n  Y?) 
o rtvi-. 

Conductivity:       '  
Dissolved Oxygen: 5*0^      »*,\t Measured with: V?X 
Redox Potential:  Measured with:       
Salinity:  Measured with:  
Nitrate:  Measured with:  
Sulfate:  Measured with:  
Ferrous Iron:  Measured with:  
Other:  

SAMPLE CONTAINERS (material, number, size):. 

ON-SITE SAMPLE TREATMENT: 

[] 

[ ] 

Filtration: Method. 
Method. 
Method 

Preservatives added: 

Containers:. 
Containers:. 
Containers: 

• 

• 

9[] CONTAINER HANDLING: 

Method. 
Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers:. 
Containers: 

10 [] 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

OTHER COMMENTS: 
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SAMPLING T WATifwi Wfftaff ARR   FT'08 

SAMPLING DATE(S)   ^/jUp^  

GROUND WATER SAMPLING RECORD - MONITORING WELL     TF~ G 
(number) 

:OLLECTE] ^^       . 

VTER DEPTH DATUM FOR WA1 MEASUREMENT (Describe):_IQC_ 

MONITORING WELL CONDITION: _ 
[ ] LOCKED:             s^~~\ fl UNLOCKED 
WELL NUMBER (IS -<|NOT)'APPARENT A^r^fe^ 
STEEL CASING CONDITION IS: &2iA. 

2[] 

[] 

INNER PVC CASING CONDITION IS:   <Sfar?<^ 
WATER DEPTH MEASUREMENT DATUM (IS -gStJOT^ APPARENT  Cxmcttc) 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe): _  

Check-off 
1 [ ] EQUIPMENT CLEANED BEFORE USE 

Items Cleaned (List):  

PRODUCT DEPTH AJA 
Measured with:     t^n 

_FT. BELOW DATUM 

WATER DEPTH     ^l^l/^7'21  
Measured witK___i£*=ilr l«*«-A p£* 

_FT. BELOW DATUM 
b<t 

WATER-CONDITION BEFORE WELL EVACUATION (Describe): 

Odor:_jW2±:  
Other Comments:. 

4[] WELL EVACUATION: 
Metood:__GGöadi22  
Volume Removed:. 7/L'cfl*;- 
Observations:      Water (tf ghtl£>- very) cloudy 

Water levef(rose - fell - no change) A/M 
Water odors:   A><^-6 .  
Other comments:. 

J 
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Ground Water Sampling Record - Monitoring Well No!     ■     vF'Ajy     ■  (Cont'd) 

5[] 

6[] 

SAMPLE EXTRACTION METHOD: 

ffi  Bailer made of:_BD£C_ 
[ ]  Pump, type:_ 
[ ]  Other, describe:    S'u.v~p}{   /■■*.<- cf,r%/cl»J    b.-y^ 

Sample obtained is [fl   GRAB; [ ]   COMPOSITE SAMPLE 

ON-SITE MEASUREMENTS: 
Temp: \rM 
PH: fr.1Q 

Measured with:      Y$ +~- 
Measured with:     On'tf^n 
Measured with:. Conductivity:  „iKB1UM1 „1UI.  

Dissolved Oxygen:  3.72.      *e \i_ Measured with:    YSS- 
Redox Potential:  Measured with- 
Salinity:  Measured with: 
Nitrate:  Measured with: 
Sulfate:  Measured with 
Ferrous Iron:  Measured with: 
Other:  

7[] 

8[] 

9[] 

10[ ] 

SAMPLE CONTAINERS (material, number, size):. 

ON-SITE SAMPLE TREATMENT: 

[ ] 

[] 

Filtration: Method. 
Method. 
Method 

Preservatives added: 

Method. 
Method. 
Method. 
Method. 

CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

OTHER COMMENTS: 

Containers:. 
Containers:. 
Containers: 

Containers:. 
Containers:. 
Containers:. 
Containers: 

• 
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• 

SAMPLING T nPATTON w^wtnvar ARB.   PT-08 
SAMPLING nATF/S'l    S/)1ifi$  

GROUND WATER SAMPLING RECORD - MONITORING WELL 

r: ß<l Regula 
IPLINCkJ 

v-$ 
(number) 

REASON FOR SAMPLING: N Regular Sampling;  [ ] Special Sampling; 
DATE AND TIME OF SAMPLING^    5/^5 , 19 U2l—^"■Jjn- 
SAMPLE COLLECTED BY:       "" "* " 
WEATHER:. 

nf _Parsnns ES. Denver 

DATUM FOR WATER DEPTH MEASUREMENT (Describe): JEQC_ 

MONITORING WELL CONDITION: 
MfLOCKED: 
WELL NUMBER (IS - (SJJQJ^APPARENT 
STEEL CASING CONDITION IS:    Gov& 

[ ] UNLOCKED 

INNER PVC CASING CONDITION IS:   &*>$ 
WATER DEPTH MEASUREMENT DATUMW>IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPEE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off 

IN 

2[] 

EQUIPMENT CLEANED BEFORE USE WITH fr^JGs*  '  Z*<}Ae-UxJcf Fl^  
Items Cleaned (List): ff »ft df - fty^y^» j *>& 

PRODUCT DEPTH m. 
Measured with:   'V/\ 

_FT. BELOW DATUM 

WATER DEPTH V/M/St. 7# IJJ'UTO- 
MpainreH with: Li'ä-ÜC lt-P*-A i 

_FT. BELOW DATUM 

Measured with: 't,Tä-X*-<r   h_W-A ffo^<> 

3[] 

4[] 

WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
; Arr"'"",r"' P'^'j  ^" hrv*~~-  

Odor: ?!<**>£.  
Other Comments:____ —  

WELL EVACUATION 
C-rrv^dn \G> Method:. 

Volume BfimnvftH:   "55 
Observations:      Water (slightly - very) cloudy £f fiar- 

Water level (rose - fell - no change) 
Water odors:     Mjv> y         . 
Other comments: .  

u tfO a. 7 £.cv /.G/ 

pH 
/• >2< Ttinp fz-7 0,0%   0>CIQ 
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Ground Water Sampling Record - Monitoring Well No.; VF- 5 .(Cont'd) 

5[] 

6[] 

SAMPLE EXTRACTION METHOD: 

a Bailer made of:. 
[ f Pump, type:_ 
[ ]  Other, describe:. 

HDPE 

Sample obtained is [y]  GRAB; [ ]  COMPOSITE SAMPLE 

ON-SITE MEASUREMENTS: 
Temp:    fc» ' 
pH:     (. ,X5 

°       A. Measured with:_ 
  Measured with:_ 

Conductivity:  Measured with:_ 
Dissolved Oxygen: f).°iO      (*\ \t   Measured with 
Redox Potential:  
Salinity:  
Nitrate:  
Sulfate: 
Ferrous Iron: 
Other  

Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with: 

7[] 

8[] 

SAMPLE CONTAINERS (material, number, size):. 

ON-SITE SAMPLE TREATMENT: 

[ I Filtration: Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers: 

• 

[] Preservatives added: 

Method, 
Method, 
Method. 
Method. 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[] CONTAINER HANDLING: 

10[ ] 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

OTHER COMMENTS: 
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• 

SAMPLING LOCATION W"«t"vpr ARB   FT'08 

SAMPLING r>ATF/R-> Sf/6 hT  

GROUND WATER SAMPLING RECORD - MONITORING WELL     7> ^/Y 

REASON FOR SAMPLING: k] Regular Sampling;  [ ] Special Sapling; 
DATE AND TIME OF SAMPLING:     </,fr , 19^5 J£2 *******' 
SAMPLE COLLECTED BY: _DM/MV' '  . ofJammBS. PCTYCT 
WEATHER-  n.^,^.1     7t? :  
DATUM FOR WATER DEPTH MEASUREMENT (Describe): TOC     

(number) 

MONITORING WELL CONDITION: IINTnTKFn 
[ ] LOCKED:             /-O W UNLOCKED 
WELL NUMBER (IS -<(SNpT) APPARENT ZwrrxxHJ 
STEEL CASING CONDITION IS: Cxxxl 
INNER PVC CASING CONDITION IS:  Cfrrxl—-, . —r- 
WATER DEPTH MEASUREMENT DATUM (IS - {SNgW APPARENT Cvi~r<C.iCd 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe): _  

1 M   ° EQUIPMENT CLEANED BEFORE USE WITH    Cv^Wf   ty~\?  "   ^^f fJ^jk __ 
Items Cleaned (List): 0»Kt&e   ff.yyip'   ^ftyrqtMnn/,   t)e >~ 

2[] PRODUCT PFPTF          r* »                                                                            FT-BELOW DATUM 

Meapured with:_/V^ _ .  

WATER DEFli      d/.«»? A/l-33    FT. BELOW DATUM 
Measured with;   *    mo-A e. «■ \t-»<iA fr-cJpe . — 

^m " • 

3[] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:      nmt+rA ,   /Ht/Jrly 
OHnr-        {J&rv^ _  nrinr:        /vt-n^ , . __ 

4M WELL EVACUATION: 0 r - ri    TT 

Volume RpmnveH-        'J,j 
Observations:      Water (slightly - very) cloudy    Ucc\C^ 

Water level (rose - fell - no change) 
Water odors:_M£!2£   
Other comments:   

Hit   v>^.\       pri b.tf     tw  '3.5       *°-   ./.sr> 
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Ground Water Sampling Record - Monitoring Well No. LRH .(Cont'd) 

5[] 

6[] 

SAMPLE EXTRACTION METHOD: 

ffi Bailer made of:    frlfsPC 
[ ]  Pump,type:_ 
[ ] Other.describe:  S<u*yjk'   >*&<   rltvds   hi;> 1AT*± 

Sample obtained is, [VI]  GRAB; [ ]  COMPOSITE SAMPLE 

ON-SITE MEASUREMENTS: 
Temp:      ß.^    °    <s 
PH: 6.3 7 
Conductivity: 

Measured with:. 
Measured with:. 
Measured with: 

Yf>r 
Or, £233- 

Dissolved Oxygen:     |*Z<7    /*«\i_ Measured with: 7<,-rs 
Redox Potential:  Measured with:  
Salinity:  Measured with:  
Nitrate:  Measured with:  
Sulfate:  Measured with: 
Ferrous Iron:  Measured with:  
Other:  

^ 

7[] 

8[] 

SAMPLE CONTAINERS (material, number, size):. 

ON-SITE SAMPLE TREATMENT: 

[] Filtration: Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers: 

4 
[] Preservatives added: 

Method. 
Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers:. 
Containers:. 

9[] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS:. 
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SAMPLING LOCATION Westover ARB.   FT-08 
SAMPLING DATE(S) Sft6ftS~  

GROUND WATER SAMPLING RECORD - MONITORING WELL    f? - \S 
(number) 

WRATHRR-   CiovAu     7°  
DATUM FORWATERDEPTH MEASUREMENT (Describe): JEQC_ 

MONITORING WELL CONDITION 
[ ] LOCKED: 
WELL NUMBER (IS - ß N 

Check-off 
1[] 

2[] 

3[ ] 

PO UNLOCKED 
APPARENTjVy-rÄ-w 

STEEL CASING CONDITION IS: 6cnx»    .  
INNER PVC CASING CONDITION IS: QtfWg 
WATER DEPTH MEASUREMENT DATUM ÖS-era>>APPARENT C0*r&Xa 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COTXECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe): .  

EQUIPMENT CLEANED BEFORE USE WITH X^wir   Rfv^p AWtf   F/i&K       
Items Cleaned (List): A^ir/f    ffi^-p~ 3fcy"9h"«V,   i>J 

PRODUCT DEPTH AM 
Measured with:   AlA 

WATER DEPTH   tä-ltf/Z2-^ . .— 
Measured with:      \^*-k** {***■)—fa %>g 

WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
;' Appearance:    Clisudy       Atyi*^-'  

Odor: AVK?.  
Other Comments:. 

JFT. BELOW DATUM 

.BELOW DATUM 

4[] WELL EVACUATION: „        „     -- 

?*r _c\<^( Volume Removed:. 
Observations:      Water<(sliglijjy - very) cloudy 

Water level (rose - fell - no change) 
Water odors:     AJ«*T€ 

*u2*    l$^i   ^.o. t-3*      7e„i? tt-7 
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Ground Water Sampling Record - Monitoring Well No.      \ £* - \5 .(Cont'd) 

5[] SAMPLE EXTRACTION METHOD: 
£ 

6[] 

7[] 

8M 

ffl  Bailer made of: Vl &PE- 
[ ]  Pump, type:_ 
f ]  Other, describe:    S^yflolG  «*/ä5   f.lw A-rsW 

' 
Sample obtained is fy]  GRAB; [ ] 

ON-SITE MEASUREMENTS: 
Temp:     /L.7     °  £ 

COMPOSITE i 

Measured with 
Measured with 
Measured with 
Measured with 
Measured with 
Measured with 
Measured with 
Measured with 
Measured with 

SAMPLE 

pH:       6.. oo Orilrv 
Conductivity: 
Dissolved Oxygen:   Z>*io     r*M 
Redox Potential: 

YsT, 

Salinity: 
Nitrate: 
Sulfate: 
Ferrous Iron: 
Other: 

SAMPLE CONTAINERS (material, number, size): 

ON-SITE SAMPLE TREATMENT: 

f 1                Filtration:             Method 
Method 
Method 

[ ]               Preservatives added: 

Method 
Method 
Method 
Method 

Containers: 
Containers: 
Containers: 

Containers: 
Containers: 
Containers: 
Containers: 

m 

9[] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10[ ] OTHER COMMENTS: 
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m 

SAMPLING LOCATION W«st?vftrARB.   FT-08 
SAMPLING DATE(S)_f^ 

Westover 

GROUND WATER SAMPLING RECORD - MONITORING WELL. -TF'l- 

REASON FOR SAMPLING: [)J Regular Sampling;  [ ] Special Sampling; 
DATE AND TIME OF SAMPLING: 5]j2_ > 19^2 a.m./p.m. 
SAMPLE COLLECTED BY: jjjWMV of J>arsons ES, Denver 
WPATHT.R-    C IcAjdj 2&- 

(number) 

D DATUM FOR WATER DEPTH MEASUREMENT (Describe): JTQC_ 

MONITORING WELL CONDITION: 
prf LOCKED:     S~\ [] UNLOCKED 
WELL NUMBER7IS/IS NOT) APPARENT ,   . 

STEEL CASING CONDITION IS:   Of** )  Lür^T^>  *** /S   P 

INNER PVC CASING CONDITION IS: 7 <&*& 
WATER DEPTH MEASUREMENT DATUM (ISAIS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPLECOLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off 

1H 

2[] 

EQUIPMENT CLEANED BEFORE USE WITH    t*t\Hf *J~? -J^Xf ^ ^K 
Items Cleaned (List): fVfrft elf ft ^p - >. 1 ^>,Z^ ^ rt, O^ -*- 

PRODUCT DEPTH fOfr      , 
Measured with:   'vA 

FT. BELOW DATUM 

WATER DEPTH     rt *^f <*(*.<&     U>.L/T.D- (S/nte)   FT. BELOW DATUM 
Measured with:_^ U^—pcsls  

3[] 

4[] 

lOby><. 

WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
;' Appearance:__4iiS£ä£l 

Odor:  
Other Comments 

WELL EVACUATION: 
H-tW.          CrtHjyJife    Z/Al 'P/t,     t    #AWf> 
Volume Rpmnvftrf:     4& &e~\ —  
Observations:      Water (slightly - very) cloudy £ 'W/" 

)/'3   356c4 

pti 6,Y?    TettP t1* 

Water level (rose - fell - no change) 
Water odors:   A is* t .     __ 
Other comments:  boh,}r cyt'f-   »*< e/iked /mtp in /Vwi.n ■ tfax), 

i>/dAct appe^  /^ 

A        , he POc. 

m:\forms\gwsample.doc 
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Ground Water Sampling Record - Monitoring Well No.       \ fr"^- (Cont'd) 

5[] 

6[] 

SAMPLE EXTRACTION METHOD: 

D? Bailer made of:   MftPE 
[ ] Pump,type:_ 
[ ]  Other, describe:  

Sample obtained is [)<|  GRAB; [ ]   COMPOSITE SAMPLE 

ON-SITE MEASUREMENTS: 
Temp:__Jil_ 
PH: ^.Hf 

C ^51 

Conductivity: 
Dissolved Oxygen: 5-33 
Redox Potential:  
Salinity:  
Nitrate:  
Sulfate:  
Ferrous Iron:  
Other:  

J£L 

Measured with:.       
Measured with:       ern 
Measured with:  
Measured with:_ 
Measured with:_ 
Measured with:_ 
Measured with:_ 
Measured with:_ 
Measured with: 

# 

7[] 

8[] 

SAMPLE CONTAINERS (material, number, size):. 

ON-SITE SAMPLE TREATMENT: 

[] Filtration: Method. 
Method. 
Method. 

Containers:. 
Containers:. 
Containers: 

• 

[] Preservatives added: 

Method. 
Method. 
Method. 
Method. 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [] OTHER COMMENTS:. 

m:\forms\gwsampIe.doc 
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• 

SAMPLING LOCATION Westover ARB,  FT-08 
SAMPLING r>ATE(S)   4/I8M*  

GROUND WATER SAMPLING RECORD - MONITORING WELL    fF'TA 

REASON FOR SAMPLING: (XI Regular Sampling;  [ ] Special Sampling; 
DATE AND TIME OF SAMPLING:     £/l* 1955 a.m./p.m. 
SAMPLE COLLECTED BY: j^DIVjforV  of .Parsons ES. Denver 
WPATHFtt-   fJi^Jy    Upper- £,£>'<   _ _  
DATUM FOR WATER DEPTH MEASUREMENT (Describe):_IQC  

(number) 

MONITORING WELL CONDITION: 
00 LOCKED:       ^ I 1 UNLOCKED 
WELL NUMBER (f§£ IS NOT) APPARENT 
STEEL CASING CONDITION TS- fls~A}   PcA >S   no   fnhyr CMt4fnT 
INNER PVC CASING CONDITION lS:_Gca$L 
WATER DEPTH MEASUREMENT DATUM((IS> IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off Check-on _,      ,      n _. 
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH  JU-nWfr  n^y^p  - f^k^K-r- FlW* ^ — 

Items Cleaned (List): &Vf5K*C- /Vmp - g"Joprx>p«J , 7>^X 

2[] PRODUCT DEPTH OA  FT-BELOW DATUM 

Measured with:_A^_ ——  

WATER DEPTH    -pP^^rJr>^    HZ.OS> Ar 3 :ZH     U^LJT.O FT BELOW DATUM 
Measured with- i..^J-<.<-    I t<* V,   prehe. .—{Sj/y/HS )  

3 [ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:   Ofcxr*  _ _  
^■..^  /»lx&>, -MoJc-r.HL .  
Other Comments:   

4[] WELL EVACUATION: 

Volume Removed:__Z£?£p_/ 
Observations:      Water (slightly - very) cloudy Uö^u"" 

Water level (rose - fell - no change) 
Water"Hnrr   riJr.nk  u*i>H*.rcd   pe,hrv(ti^^ 
Other comments: .  

M>'      IS to      Mm       Tt^pßo     öuV   csh 
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Page 1 of 2 



Ground Water Sampling Record - Monitoring Well No. { F~~3 A     (Cont'd) 

5[] 

6[] 

7[] 

SAMPLE EXTRACTION METHOD: 

$ Bailer made of:   rl&PC 
t ] Pump,type:_ 
[ ]  Other, describe:_  

Sample obtained is [>4]  GRAB; [ ]  COMPOSITE SAMPLE 

ON-SITE MEASUREMENTS: 
Temp: f 3,0 
PH: A. SI. 

C 

Conductivity: 

Measured with 
Measured with 
Measured with 

Dissolved Oxygen:   Orlft     ^ \ ^ Measured with 
Redox Potential: 
Salinity: 
Nitrate: 
Sulfate: 
Ferrous Iron: 
Other:  

Measured with 
Measured with 
Measured with 
Measured with 
Measured with 

J^L 
<"- "v 

vsx 

SAMPLE CONTAINERS (material, number, size):. 

8[] ON-SITE SAMPLE TREATMENT: 

[] Filtration: Method. 
Method. 
Method. 

Containers:. 
Containers:. 
Containers:. 

• 

[ 1 Preservatives added: 

Method. 
Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10[ ] OTHER COMMENTS:. 

m:\forms\gwsampIe.doc 
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• 

SAMPLING LOCATION W^mrer ARB.   FT-08 
SAMPLING DATE(ß)J#llßl '.  

GROUND WATER SAMPLING RECORD - MONITORING WELL ~0=-/(p _ 

REASON FOR SAMPLING: [X] Regular Sampling;  [ ] Special Sampling; 
DATE AND TIME OF SAMPLING:  *//<? 19Ü tf3££L a.m7p.m. 
SAMPLE COLLECTED BY: _DM/MV  . of J>mWS F,S, Denver 

(number) 

WEATHF.R-   CUA<>     >v   Htm.,    /-nv/ V> 'i .  
DATUM FOR WATER DEPTH MEASUREMENT (Describe): JEQC_ 

MONITORING WELL CONDITION: 
[ ] LOCKED: ^~^> $ U^001^0 

WELL NUMBER (IS 4sjS0T) APPARENT U^tM 
STEEL CASING CONDITION IS:     (V»*l 
INNER PVC CASING CONDITION IS:_GäöI     —r 
WATER DEPTH MEASUREMENT DATUM (IS - grjQX) APPARENT Cot>«c«a 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe)-  

Check-off 
1[] 

2[] 

EQUIPMENT CLEANED BEFORE USE WITH   £njff.   /U^ -     H*Jtr Flush  

PRODUCT DEPTH. J^A. _FT. BELOW DATUM 

Measured with:_jkiZL 

WATER DEPTH    M.ßJSB.O* LhLp^  
Measured with- u.«JWtr     1«JC\ (probe. 

FT. BELOW DATUM 

3[] 

4[] 

WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:     31«/>KMy CvnA~j j PJ~{»,AJV>  
Prior:      A-?/!V\4 
Other Comments: 

WELL EVACUATION: ^ 

Volume Removed:_££2_ 
Observations:      Water (slightly - very) cloudy   Ckcü" 

Water level (rose - fell - no change) 
Water odors:     iJo^f.  
Other comments:  

V>***    pH   U7       %* il.o        **  H'™ 

m:\forms\gwsample.doc 
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Ground Water Sampling Record - Monitoring Well No.     TF" lk> (Cont'd) 

5[] 

6[] 

7[] 

SAMPLE EXTRACTION METHOD: 

[Ü  Bailer made of:_ 
[ ] Pump, type:_ 
[ ]  Other, describe:. 

tifcP^ 

Sample obtained is fa]  GRAB; [ ]  COMPOSITE SAMPLE 

WS l 
ON-SITE MEASUREMENTS: 

Temp:   /|,o        °     C 
PH:    6J*/ 
Conductivity: 
Dissolved Oxygen: ]{,f\ 
Redox Potential: 

f^^ll 

Measured with: 
Measured with: 
Measured with: 
Measured with: 
Measured with: 

Salinity: 
Nitrate: 

Measured with: 
Measured with: 

Sulfate: 
Ferrous Iron: 

Measured with: 
Measured with: 

Other: 

NS\ 

SAMPLE CONTAINERS (material, number, size):. 

• 

8[] ON-SITE SAMPLE TREATMENT: 

[ 1 Filtration: Method_ 
Method. 
Method 

Containers:. 
Containers:. 
Containers: 

[] Preservatives added: 

Method. 
Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS:. 

m:\forms\gwsample.doc 
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# 

SAMPLING LOCATION Westover ARB.   FT-08 
SAMPLING nATETS) Sfafö  

GROUND WATER SAMPLING RECORD - MONITORING WELL    Tf ~ 7  

REASON FOR SAMPLING: DC] Regular Sampling;  [ ] Special Sampling; 
DATE AND TIME OF SAMPLING: fffi 19j5_    fp-? a.m./p.m. 
SAMPLE COLLECTED BY:   DM/MV of _Parsons BS, Denver 

(number) 

WEATHER: .   
DATUM FOR WATER DEPTH MEASUREMENT (Describe): JEQC_ 

MONITORING WELL CONDITION: 
[ ] LOCKED: ^ >. P<] UNLOCKED 
WELL NUMBER (IS - ISNg?) APPARENT Cr:—CX K<* 
STEEL CASING CONDITION TS:       C.-Jjue* 

2[] 

INNER PVC CASING CONDITION TSr     tiisV^yi^arcf/ 
WATER DEPTH MEASUREMENT DATUM flSJ>IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPCECOLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe): — 

IM   ° EQUIPMENT CLEANED BEFORE USE WITH   73*0^    ri   p<s~p~   f^Jff ^V<^ 
Items Cleaned (List):__    />\ik\& $    j> ^p ~~ fö*pn>f>* ^f-f />; Z. 

PRODUCTDEPTH ___£$__ FT. BELOWDATUM 
Measured with: M ———  

WATER DEPTH ft 3.15 I $» ** ^ L • ffl>  &/<>M FT. BELOW DATUM 
Measured with-        IOA.W<-     U^g I    prolog .  

3 [ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
;' Appearance:   S/ttj)\tfs/ U<Wy _ .  

Prior: A>kW __ .  
Other Comments:. 

4[] WELL EVACUATION:/ . .      -       y 

Volume Removed:__/äL 
Observations:      Water (slightly - very) cloudy  Ck> \ 

Water level (rose - fell - no change) 
Water odors: (wnC  
Other comments: 

m:\forms\gwsample.doc 
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Ground Water Sampling Record - Monitoring Well No. \^r" (Cont'd) 

5 [ ] SAMPLE EXTRACTION METHOD: 

M  Bailer made of:    H r> P £ 
[ ] Pump, type:_ 
[ ] Other, describe:. 

Sample obtained is £j]  GRAB; [ ]  COMPOSITE SAMPLE 

# 

6[] 

7[] 

••\ 

8[] 

ON-SITE MEASUREMENTS 
Temp:    (1.V 
PH: &.// 

C Measured with:_ 
Measured with:_ 
Measured with* 

J^L 
Conductivity:  
Dissolved Oxygen: (pt&~    ^ \ {  Measured with: 

pferm 

Redox Potential: 
Salinity: 
Nitrate: 
Sulfate: 

JlSJL 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with: 

Ferrous Iron:                                    Measured with: 
Other: 

SAMPLE CONTAINERS (material, number, size"): 

. 
.- 

ON-SITE SAMPLE TREATMENT: 

[] Filtration: Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers:. 

• 

[] Preservatives added: 

Method. 
Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [] OTHER COMMENTS:. 

m:\forms\gwsample.doc 

Page 2 of2 



• 

SAMPLING LOCATION Westover ARB.   FT-08 
SAMPLING nATRTS) rffite     

GROUND WATER SAMPLING RECORD - MONITORING WELL. T/='# 

REASON FOR SAMPLING: Dd Regular Sampling;  [ ] Special Sampling; 
DATE AND TIME OF SAMPLING: $fnfo5 19_    (\ ,D— a.myp.m. 
SAMPLE COLLECTED BY:  (pM/MV   ' of Jasons ES. Denver 
WEATHER: . :  
DATUM FOR WATER DEPTH MEASUREMENT (Describe):_IQ£  

(number) 

MONITORING WELL CONDITION: 
[ ] LOCKED: /—\ 0 UNLOCKED 
WELL NUMBER OS (iSJJpJ) APPARENT   N> ^/> 
STEEL CASING CONDITION IS:        <*xd 
INNER PVC CASING CONDITION TS:        fy*U 
WATER DEPTH MEASUREMENT DATUM& IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off — / L. ~—ti ^ l 
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH    "X^lfje    r%    f<S~P -  **»H>   W'i 

Items Cleaned (List): Qfl^fiff <*   p\f»-p -XfrjaayW r DrlT 

2[] PRODUCT DEPTH       /JA FT. BELOW DATUM 
Measured with:   Nft  _ _ 

WATER DEPTH       M.77/HS.W    »^/TJ>    (5//l/1$) 
IWft.agiirffH with;/ LJAjttr    fgu*-1 pre b g-  

FT. BELOW DATUM 

3[] 

4[] 

WA.TER-CONDITION BEFORE WELL EVACUATION (Describe): 

Odor: r h*f*f  
Other Comments:.   

WELL EVACUATION: 

\ 

Volume ttftmnveri:      /fa   g^C   
Observations:      Water (sfightly - very) cloudy    CU.<-.»- 

Water level (rose - fell - no change) 
Water odors: A/coiC         
Other comments:. 

il pH I si. 7r.,o /i; 

D, 6 
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Ground Water Sampling Record - Monitoring'Well No.. "TV-g .(Confd) 

5[ ] SAMPLE EXTRACTION METHOD: 

ty]   Bailer made of:    M0P£ 
[ ] Pump, type:_ 
[ ]  Other, describe:  

Sample obtained is [fl  GRAB; [ ]   COMPOSITE SAMPLE 

6[] ON-SITE MEASUREMENTS: 
Temp:       (i 7 o c Measured with 
pH:         L.ZÖ Measured with 
Conductivity: Measured with 
Dissolved Oxygen: .Ct * /3 r^\g Measured with' 
Redox Potential: Measured with 
Salinity: Measured with 
Nitrate: Measured with" 
Sulfate: Measured with 
Ferrous Iron: Measured with 
Other: 

-^ 
C)-y/(f-yy- 

y$f 

7[] SAMPLE CONTAINERS (material, number, size):. 

8[] ON-SITE SAMPLE TREATMENT: 

[] Filtration: Method. 
Method_ 
Method_ 

Containers:. 
Containers:. 
Containers:. 

[ ] Preservatives added: 

Method. 
Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [] OTHER COMMENTS:. 

m:\fbrms\gwsample.doc 
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SAMPLING LOCATION WwfrwrARR   P™8 

SAMPLING DATE(S)   f/fi/15  

GROUND WATER SAMPLING RECORD - MONITORING WELL _Z IdL 
REASON FOR SAMPLING: ft] Regular Sampling;  [ ] Special Sampling; 
DATE AND TIME OF SAMPUNG: Sfaft  , »_ ^lf_ a-™Vp.m. 
SAMPLE COLLECTED BY: /3fr/MV of JmOTWBS. Denver 

(number) 

WEATHER:   H™ rf.j , 6m Hi^'J ■ —  
DATUM FORWATER'DEPTH MEASUREMENT (Describe): JEQC- 

MONITORING WELL CONDITION: 
[1 LOCKED: ^—>, „^.^l"^00 

WLLNUMBERaS-<(iirtAPPARENT *"*^ „        ^ ,,   „   , 
STEEL CASING CONDITION IS: Cxsrxl/      hit   rt? <*»*<*? K M 
INNER PVC CASING CONDITION IS: f«trl4  
WATER DEPTH MEASUREMENT DATUM^IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off                             CLEANED BEFORE USE WITH    f*ifi/f  ^iW   tgJcr ffi*    , 
U Items Cleaned (List): ^tS^&J—r    <«^"*/+feX 

2 [ ] PRODUCT DEPTH fidA— 
Measured with:  fi% 

_FT. BELOW DATUM 

WATER DEPTH       ^^)7^2■^^       UJ<L ff.O ('S/tlfrf ) FT- BELOW DATUM 
•    Measuredwith:__iüiäJLC—k*~*=l P»-" "«-  

3 [ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
'• ftpppniw-    ^-ZITI^) ritrudy j — 

Drier:      Vks     <..*-. lib*    «r   VKM    «W orA dee 0f1nr    Vf,<   <.^„riib,   «r  <feiy   eU r.nJ Her™** -W 
Other Comments: . —  

4[] WELL EVACUATION: aJ-pKTT 
MrthfH-      0»~~16r<    KcA<-l-'ofr _ 
Volume Removed:—  "ZX yJ — -.—-—^. .  
Observations:      Water (slightly - very) cloudy   net* cfauJ? , &*r*>**+* 

Water level (rose - fell - no change) 
Water nHnrs:   f\l«&töb\C '■   
Other comments: .  

low    ivffj üSci i,.y O.ZZ 
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Ground Water Sampling Record - Monitoring Well No, "TF-U    (Cont'd^ 

5[] 

6[] 

SAMPLE EXTRACTION METHOD: 

[fl  Bailer made of:_jy>££_ 
[ ] Pump,type:_ 
[ ] Other, describe:  

Sample obtained is ffl  GRAB; [ ]  COMPOSITE SAMPLE 

ON-SITE MEASUREMENTS: 
Temp: Hß_ 
PH: /„.5? 
Conductivity: 

Redox Potential: 
Salinity:  
Nitrate:  
Sulfate: 
Ferrous Iron: 
Other:  

Measured with ssr 
Measured with ört rr\ 
Measured with 
Measured with vrr 
Measured with 
Measured with 
Measured with 
Measured with 
Measured with 

7[] SAMPLE CONTAINERS (material, number, size):. 

8[] ON-SITE SAMPLE TREATMENT: 

[] Filtration: Method. 
Method_ 
Method_ 

Containers:. 
Containers:. 
Containers: 

[] Preservatives added: 

Method_ 
Method. 
Method. 
Method. 

Containers:. 
Containers:. 
Containers:. 
Containers:. 

9[] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS: 

m:\rorms\gwsampIe.doc 
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SAMPLING LOCATION    ~Or~ I 
SAMPLING DATEfS)     'l]\L\1U 

GROUNDWATERSAMPLINGRECOWJ-MONTTORINGWELUPOINT     T?^ I 

SAMPLE COLLECTED BY- "  7      '        "    T^    f2;'£-am/^- 
WPiTIICD. /If "—71 2!  Of 

(number) 

WEATHER: Q[**.^'S~ä7& 

DATUM FOR WATER DEPTH MEASUREMENT (Describe): 
O^i^r-, 

MONITORING WELL CONDITION: 
[ ] LOCKED: I    I   U Jf   K Hi 1* 

WEIXNUMBk(IS.^bT)APPARE^U^0CKED~'V0    ^ **+ 
STEEL CASING CONDITION IS:     (2-^-r.g ^ 
DWraaPVC CASING CONDITION IS:_JF*. g_~  

I-JMONITORINGWELLREQUIREDISC^^011 

Check-off  

1 [ ] EQUIPMENT CLEANED BEFORE USE WITH     Pu ^ f>..      4», ^AÄ    lt. 
Items Cleaned (List):         ^ ^l^<w    , lAC    UA-C^P 

2[ J LNAPLDEPTH 

■ y>Afc-T*  Off   -   Or^ff 

J±£_ 
Measured with:     u fry _FT. BELOW DATUM 

WATER DEPTH. 
Measured with: _FT. BELOW DATUM 

»[ ] WA^^ONDmONBEFOREWELLEVAOJATION(Describey 
Appearance:   äleul^     rV~-'r 
Odor       ^ /> nJ 
Other Comments 

4[ ] WELL EVACUATION: 
Method:       £-.S-W    ftn^ 
Volume Removed:       \^5   ■)£,,-« 
Observations:     Water («Jghtry- very) cloudy 

Water level (rose - fell - no change) 
Water odors:    rtoyUL  
Other comments: 



.* ** 

5[ ] SAMPLE EXTRACTION METHOD: 

[ ] Bailer made of:_ 
[ J Pump,type:_ 
[ ] Other, describe:. 

Sample obtained is [ ]  GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp:     )<4. Lf 
pH: 6.10 

o  <L 

Conductivity:   &?o MS/&* 

Dissolved Oxygen: ff ■ V f we./ 
RedoxPotential: 
Salinity:  
Nitrate:  
Sulfete: 
Ferrous Iron: 
Other ' 

Measured with:_ 
Measured with:. 
Measured with:_ 
Measured with:_ 
Measured with:. 
Measured with:_ 
Measured with:. 
Measured with:. 
Measured with: 

7 [ ] SAMPLE CONTAINERS (material, number, size):. 

8 [ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method 
Method. 
Method 

Containers:. 
Containers:. 
Containers: 

[ ] Preservatives added: 

Method. 
Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[ ] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER CO] &AL.L- 

7-24 

ID &PIL.L. 

*? y 

rS'l* 



I 
SAMPLING LOCATION     l//6h& I 
SAMPLINGDATEfS)     ^U[^  J^~^ 

GROUNDWATER SAMPLING RECORD -MONITORING WELL/POINT -TF - \ ft         I 

REASON FOR SAMPLING: [V] Regular Sampling;  I J Special Sampling (nUmber) 

DATE AND TIME OF SAMPLING:   l/l6 SoJ:     /?^S   . » A^ 
SAMPLE COLLECTED BY-      ^17 '   nf    -^^^-anMlÖt i 
WEATHER: ^.    6 /^^ - «y g     ~  « 
DATUM FOR WATER DEPTH MEASUREMENT (Describe)- "  

  ==    I 
MONITORING WELL CONDITION 

5,LI?CKED:     ^\                           M UNLOCKED 
WELL NUMBER (^ KNOT) APPARENT 
STEEL CASING CONDITION IS:            A^c-^V 
INNER PVC CASING CONDITION IS-       Ft*, til  ,T^       WUHINVJ CUJNLUTION IS:      F# / g_  

r , r«™™-* WATER DEPTH MEASUREMENT DATUM (IS - IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR APPARENT 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off 
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH     ft Ntiu aztVRE USE WITH     fL.» ^ -     A i, ^.^ i<r 

Items Cleaned (List): ™*        fei  ^ -     |r-*^ 

££-J. 

2 [ ] LNAPL DEPTH        ~~~ 77^ 

Lijo. 

Meaautdrtlfc -FT. BELOW DATUM 

ST ——"• BHLOWDATOM 

3[ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:       d./<a^-          
Odor      Ae>yi£          
Other Comments: 

4[ ] WELL EVACUATION: 
Method:      <2- 5-Ug«?      Pu^y  
Volume Removed:        JiO  c^i-ue^Ui 
Observations:      Water (<sTIg1»tIy - very) cloudy 

Water level (rose -131 - no change) 
Water odors:    /i g> **  
Other comments:  



5[ ] SAMPLE EXTRACTION METHOD: 

kj Bailer made of 
[] Pump,type:_ 
[ ] Other, describe 

:  HOPE 

Sample obtained is 

6[ ] ON-SITE MEASUREMENTS: 
Temp:     /3. / 

[ ]  GRAB; [ ] 

5". 2 6 

COMPOSITE SAMPLE 

Measured with: 
DH:                7, Measured with: 

? Conductivity:    Jo 
Dissolved Oxygen: 

Measured with: 
Measured with: 

Redox Potential: Measured with: 
Measured with: 
Measured with: 
Measured with: 
Measured with: 

Salinity: 
Nitrate: 
Sulfate: 
Ferrous Iron: 
Other 

7 [ ] SAMPLE CONTAINERS (material, number, size): 

8 [ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration:     .       Method 
Method 
Method 

[ ] Preservatives added: 

Method 
Method 
Method 
Method 

9 [ ] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [] OTHER COMMENTS:   - Am A.,, /-»u ,Ls    o,»\>o 

'1 
- 

Containers: 
Containers: 
Containers: 

Containers: 
Containers: 
Containers: 
Containers: 

— 
-•■■ 



SAMPLING LOCATION   Y*^ T7-,,  fT* 
SAMPLING DATE(S)     7 / ffiS?fc 

GROUND WATER SAMPLING RECORD - MONITORING WELL/POINT      TlZ-2_  

REASON FOR SAMPLING: $ Regular Sampling;  [ ] Special Sampling; 
DATE AND TIME OF SAMPLING:   v/l^L        19 M*w£mhm 

WEATHER:    <„,»/      n^r7'7^     CrJ^- C      
DATUM FOR WATER DEPTfi MEASUREMENT (Describe):   AW.   ..-  QUf 

(number) 

MONITORING WELL CONDITION: ' " ~ 
[ ] LOCKED:   ^ ^ UNLOCKED 
WELL NUMBER qs^ IS NOT) APPARENT 
STEEL CASING TONDITION IS: (Jutd 
INNER PVC CASING CONDITION IS: Hr-nA 

, , ~™^ WATER DEPTH MEASUREMENT DATUMtlSÄ- IS NOT) APPARENT 
[ ] DEHCIENCIESCORRECTEDBYSAMPLECOLLECTOR^^ "^^AKhOT 
[ ] MONITORING WELL REQUIRED REPAIR (describe): _______ 

Check-off 
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH /fy „„^ ^ f v .ff 

Items Cleaned gist):    Q^_^   «-7T,f .. 

2[ ] LNAPL DEPTH ____ 
Measured with: 

WATER DEPTH. 
Measured with: 

3[ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:   /*Jes^s~  
Odor AlnsjA. 
Other Comments: 

4[ ] WELL EVACUATION: 
Method: ^^.^rVvA p^-p 
Volume Removed:   3 5  
Observations: Wate^sfigjjOy-- very) cloudy 

Water level (rose - fell - no change) 
Water odors:     A-bu,«»^  
Other comments:  

-   I 

_FT. BELOW DATUM 

_FT. BELOW DATUM 



:-TT3fc 

5[ ] SAMPLE EXTRACTION METHOD: 

[^5 Bailer made of:_ 
[ ] Pump, type:_ 
[ ] Other, describe:. 

Sample obtained is ffl  GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp:     /5.L     ° £,  
pH:  
Conductivity:  
Dissolved Oxygen: ^3 
Redox Potential:  
Salinity:  
Nitrate:  
Sulfete: ' 
Ferrous Iron:  
Other.  

7 [ ] SAMPLE CONTAINERS (material, number, size):. 

8 [ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method_ 
Method_ 
Method 

[ ] Preservatives added: 

Method_ 
Method_ 
Method_ 
Method_ 

9[ ] CONTAINER HANDLING: 

Measured with: 
Measured with: 
Measured with: 
Measured with: 
Measured with: 
Measured with: 
Measured with:. 
Measured with:. 
Measured with: 

On fry fff p 

örim S*fi> 

Containers:, 
Containers:. 
Containers: 

Containers:, 
Containers:. 
Containers:. 
Containers: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS: 



SAMPLING LOCATION //n&<i 17es ffA 
SAMPLING DATEfS)    Wllfal 

GROUNDWATER SAMPLING RECORD - MONITORING WELL/POINT TF~ZA 

^°Ü^SxSAMPLING: M ^"Sampling;   [ ] Special Sampling; 
DATE AND TIME OF SAMPLING:  TJM/QL.        19       _jQ3^_taünm. 
^^OIXECTEDBY^^J^T-   «z£S£^L 
WfcATHER.    funny    fo/j~   ffy Hft'j  
DATUM FOR WATER DEPTH MEASUREMENT (Describe):  A)c+L  ,„ A>/T 

(number) 

MONITORING WELL CONDITION: 
[ ] LOCKED: ^-s. ,    . M UNLOCKED 
WELL NUMBERS'- IS NOT) APPARENT 
STEEL CASING CONDITION IS:   r°rxj*l 
INNER PVC CASING CONDITION IS: Cxxx)^ 

r i T™™       WATERDEPTHMEASUP^MENTDATUMtfS> IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR ^ 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off "  
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH   A)<,^*,   ^UD,.^ 

Items Cleaned (List): #yw,p *■ /?•£ M ,.  

2[ ] LNAPL DEPTH 

■fUi*   ,^€i/ 

~Wi 
Measured with: _FT. BELOW DATUM 

WATER DEPTH. 
Measured with: _FT. BELOW DATUM 

3[ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe)- 
Appearance:   jfr/S»y . ,/ fi^fi fffc^ 
Odor  ^prt//kjfi~?,rrLr 

Other Comments: /        / 

4[ ] WELL EVACUATION: 
Method: f^,->y,vf>fad  R**ip 
Volume Removed: 2£>  
Observations:      Water (gfighJbA very) cloudy 

Water level (rose - fell - no change) 
Water odors:    <j,jlp,s**)-f 
Other comments: Lh /W*y j; f 



' „v»3fc™" 

5[ ] SAMPLE EXTRACTION METHOD: 

44- Bailer made of:_ 
[ ] Pump, type:_ 
[ 1 Other, describe:. 

Sample obtained is ^ GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp: 
PH:_ 

l*,7   °_C_ 

Conductivity:  
Dissolved Oxygen: LV 
Redox Potential:  
Salinity:  
Nitrate:  
Sulfete:  
Ferrous Iron:  
Other.  

7 [ ] SAMPLE CONTAINERS (material, number, size):. 

8 [ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method 
Method. 
Method 

[ ] Preservatives added: 

Method_ 
Method_ 
Method_ 
Method_ 

9[ ] CONTAINER HANDLING: 

Measured with: örrav, &Hb 
Measured with: " 
Measured with:  
Measured with: Oi\m s?4to 
Measured with:  
Measured with:  
Measured with:  
Measured with:  
Measured with:.  

Containers:. 
Containers:. 
Containers: 

Containers:. 
Containers:. 
Containers:. 
Containers: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ j     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS:. 



SAMPLING LOCATION     &T*7fr 
SAMPLING DATEfS) ifllfQjL 

GROUND WATER SAMPLING RECORD - MONITORING WELL/POINT Tf'3 

REASON FOR SAMPLING: Kl Regular Sampling;   ( ] Special Sampling- 
DATE AND TIME OF SAMPLING:    H ll , 194/1      /5~&fc    ImJvStL 
SAMPLE COLLECTED BY:       b*^     0f «upon. 
WEATHER: P,    C\~Z& 

(number) 

=L3* 
DATUM FOR WATER DEPTH MEASUREMENT (Describe): 

MONITORING WELL CONDITION: 
[] LOCKED; M UNLOCKED 
WELL NUMBER (_j\ IS NOT) APPARENT- T^~H ? 
STEEL CASING CONDITION IS:        fcvj^jLp 
INNER PVC CASING CONDITION IS:        fÄiR 
WATER DEPTH MEASUREMENT DATUM (IS - IS NOT) APPARENT 

[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off " 
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH   fi^r -    [S rv, > * - 

Items Cleaned (List): .^.-!--.*«*     ~  t__~ 
IAI e *s~tL    j   -j-fn J_&__kJ^ 

2[ ] LNAPL DEPTH ~~~ 
Measured with: 

_FT. BELOW DATUM 

WATER DEPTH. 
Measured with: 

_FT. BELOW DATUM 

3[ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:       ^h^AM^y      <'/WX^ 
Odor AD^JL 

Other Comments: 

4[ ] WELL EVACUATION: 
Method: Hi 
Volume Removed:        t^r C^A i.^^w:' 
Observations: Water (sightly - very) cloudy 

Water level (rose - fÜk- no change) 
Water odors:       Aom     
Other comments:  



51 ] SAMPLE EXTRACTION METHOD: 

IjCj Bailer made of:_ 
[ ] Pump, type:_ 
[ 1 Other, describe:. 

v\pee, 

Sample obtained is [ ]  GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp:   /2.6    ° 
pH: 1.72- 
Conductiviry:    3^0  JUS/CMA 
Dissolved Oxygen:   9. (6   tv^J 
Redox Potential: _A3& ■ 
Salinity:  
Nitrate:  
Suuate:  
Ferrous Iron: 
Other  

b>v 

Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with: 

7 [ ] SAMPLE CONTAINERS (material, number, size):. 

8[ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method  
Method. 
Method 

Containers:. 
Containers:. 
Containers: 

[ ] Preservatives added: 

Method. 
Method. 
Method. 
Method. 

9[ ] CONTAINER HANDLING: 

Containers:. 
Containers:. 
Containers:. 
Containers: 

[ ]     Container Sides Labeled 
[ j     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS:    £ 
poHr/Q    -   q.lM 

/Zfrl-Cer^JS /a.       GA^C<?-*SS 

"7-99 
?-«? 
-7,9* 

/#   c l\ <-*-***•% 
%u 

■?/? 
r's^A &U\    3Z& 3yo 3¥b 
NLA~K$V)     IZ9A 



SAMPLING LOCATION   <^Tf/?N 
SAMPLING DATE(S)    ~7//S /<i& 

GROUND WATER SAMPLING RECORD - MONITORING WELL/POINT T? ' ^ 

REASON FOR SAMPLING: \& Regular Sampling;   [ ] Special Sampling; 
DATE AND TIME OF SAMPLING: 1) /& . 19 «     /y.-op   am/p^ 
SAMPLE COLLECTED BY:     f*\J     ■ 07  
WEATHER:        P-CUo.0^ .       -g<r* 

(number) 

DATUM FORWATERDEFmMEASUREMENTfDeseribe):    Tfc?      ^    FTT^TTT 

MONITORING WELL CONDITION: " ~ 
[] LOCKED: M UNLOCKED 
WELL NUMBER (ß^IS NOT) APPARENT 
STEEL CASING CONDITION IS: e^S'^ 
INNERPVC CASING CONDmONIsl HAV«L 
WATERDEPTH MEASUREMENT DATUM <ß>IS NOT) APPARENT 

[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off 
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH, 

Items Cleaned (List):  
u^p - /vfe- o*.frY - ir^A 

T*P -    I^A Vtv, 

P3". - t 1^^ 

2[ ] LNAPL DEPTH IO-P 
t^Wfi ,    Af 

Measured with: 
_FT. BELOW DATUM 

WATER DEPTH. 
Measured with: 

_FT. BELOW DATUM 

3[ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:       CI *c*r  
Odor   f^c^vui 
Other Comments: 

4[ ] WELL EVACUATION: 
Method: 
Volume Removed: 

1^- S <-», G. e.      fu^p 
2o <S/vf.< Q-»J 'S 

Observations:      Water (süghtly - very) cloudy 
Water level (rose - tSU - no change) 
Water odors:        J*. orve 
Other comments: 

• 



•/*-:,.• 

5[ 1 SAMPLE EXTRACTION METHOD: 

ft 
Bailer made of:_ 

] Pump, type:_ 
[ 1 Other, describe:. 

HPP£ 

Sample obtained is [ ]   GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp: 
pH:_ 

jlf.O 

n.it* 
Conductivity: -f-^LJ» t° '0 
Dissolved Oxygen:    *f. 1 9 
Redox Potential:  ■/- / 3 /. <=> 
Salinity:  
Nitrate:  
Sulfete: L 
Ferrous Iron: 
Other  

Measured with:_ 
Measured with:_ 
Measured witk_ 
Measured with:_ 
Measured with:. 
Measured with. 
Measured with:_ 
Measured with:. 
Measured with: 

7 [ ] SAMPLE CONTAINERS (material, number, size):. 

8 [ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method  
Method_ 
Method 

Containers:. 
Containers:. 
Containers: 

[ ] Preservatives added: 

Method.. 
Method_ 
Method_ 
Method 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[ ] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS:     4-   <2M,io^>S - Yt&n-Lt 

~^A  -- 
-   q -fr* JUJSJL 

Y£7> ^LAsKZl t4 5-.7- 



SAMPLING LOCATION    C&&PTA 
SAMPLING DATE(S) TJIC>f*> fc 

GROUND WATER SAMPLING RECORD - MONITORING WELL/POINT T^'jßT 

^^.0I5Z°^SAMPLING: W Regular Sampling;   [ ] Special Sampling; 
/i£_ , 193^_   /7.-»»     a.m/p.m 

(number) 

DATE AND TIME OF SAMPLING:     7 
SAMPLE COLLECTED BY: _/u yf 
WEATHER: ft    C / 

[HMEASl 
Tf^ 

of 

DATUM FOR WATER DEPTH MEASUREMENT (Describe) 

MONITORING WELL CONDITION: 
[] LOCKED: [ J UNLOCKED 
WELL NUMBER (IS - IS NOT) APPARENT 
STEEL CASING CONDITION IS: 
INNER PVC CASING CONDITION IS: 
WATERDEPTHMEASUREMENT DATUM (IS - IS NOT) APPARENT 

[] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off 
I 

1 [ ] EQUIPMENT CLEANED BEFORE USE WITH   fW-   I T  ^'^      ft-r» ßue A   A )_      . , 
Items Cleaned (List): ~  saß*!—        j 

2[ ] LNAPL DEPTH 
Measured with: 

JäR. 

WATER DEPTH. 
Measured with: 

3[ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:     €ssr    J?r**jL>*\  
Odor  tloj^a  
Other Comments: 

4[ ] WELL EVACUATION: 
Method:      *2-;S+^g./r       ft... p 
Volume Removed:  
Observations:      Water @ghtly - very) cloudy 

Water level (rose - fell - no change) 
Water odors: 
Other comments: 

_FT. BELOW DATUM 

_FT. BELOW DATUM 

I 



»*••" 

■ä-^.-- 

5[ 1 SAMPLE EXTRACTION METHOD: 

[ ] Bailer made of:_ 
[ ] Pump, type:_ 
[ ] Other, describe:. 

Sample obtained is [ ]  GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp:     /2, t/°   £ 
pH:       "?.l£ 

Measured with:_ 
  Measured with:. 

Conductivity: Tfco    J+*/u~~ Measuredwith:. 
Dissolved Oxygen: t/.*)1/   g^j,^ Measured with:. 
Redox Potential: "fr-gC-2.   ^y Measured with:. 
Salinity:  Measured with:. 
Nitrate:  Measured with:. 
SuUate: 
Ferrous Iron: 
Other  

Measured with:. 
Measured with: 

7 [ ] SAMPLE CONTAINERS (material, number, size):. 

8[ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method 
Method_ 
Method 

Containers:. 
Containers:. 
Containers: 

[ ] Preservatives added: 

Method_ 
Method_ 
Method_ 
Method 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[ ] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS: JS Cw-ce^n*. 

a -7.lt* -tH* '/9-iK-t-vi S 

"ft 

V.tt 

12 .$ 

.   t3 

3£<g> 

IfL ^.or^-^-gn^ 
JdiZ, 

i/.Sö 
33,3 



# 

SAMPLING LOCATION X^< T**  fjX 
SAMPLING DATEg) WjlVy (I 

GROUND WATER SAMPLING RECORD - MONITORING WELL/POINT  -7-^^^ 

mrf^0™^^ I 1 Special Sampling- 
DATE AND TIME OF SAMPLING: JZ^T^^ 19 //<^   ,„/„ 
SAMPLE COLLECTED BY: _/W ffiffiL,     '   nT-^ ÄP 

WEATHER: fl^ W/B^ "^ffl^    «/«f*™ ^ 
DATUMFORWATEftDEPTHMEASUREMENTrD^ '  

(number) 

m. 

UREMENT (Describefcl^tW/,   .~   W( 

MONITORING WELL CONDITION: 
-   I 

j] LOCKED: [VuNLOCKED 
WELL NUMBER (ß\ IS NOT) APPARENT 
STEEL CASING CONDniON IS: ^W 
INNER PVC CASING CONDmON IS? &«/ 

r , ™^„ WATER DEPTH MEASUREMENT DATUM flS)- IS NOT) APPARENT 
J ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
^ MONITORING WELL REQUIRED REPAIR (describe):     Ab>J< / *CJL 

Check-off 
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH   A)<^*X + D,. 4L)W ljLs   ^ _ 

Items Cleaned (L^^Z^^Tp^pf^^ 

2[ ] LNAPL DEPTH ~mi 
Measured with:  FT. BELOW DATUM 

WATER DEPTH. 
Measured with: _FT. BELOW DATUM 

3[ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:    £Jg<3<-  _____ 
Odon_ /v_;v,t_  
Other Comments: 

4[ ] WELL EVACUATION: _ 
Method: C\*r*Md« fi*—p 
Volume Removed:     jrt£ rrk i 
Observations:      WatepfsTfignTte>very) cloudy 

Water level (rose - fell - no change) 
Water odors:    A^**,  
Other comments:  



5[ 1 SAMPLE EXTRACTION METHOD: 

jQ Bailer made of:_ 
[ ] Pump, type:_ 
[ ]  Other, describe:. 

Sample obtained ̂ 3" GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-Srm MEASUREMENTS: 
Temp:   tf.-H   , « <L 
pH:   C^WsJJttT 
Conductivity: 
Dissolved Oxygen: 5, S^ 
RedoxPotential:, 
Salinity:  
Nitrate:  
Sulfiite: 
Ferrous Iron: 
Other ' 

7 [ ] SAMPLE CONTAINERS (material, number, size):. 

8[ ] ON-SITE SAMPLE TREATMENT: 

Measured with:   YS-T .5t5* 
Measured with: ;  
Measured with:.  
Measured with:    V^l T^ 
Measured with:  
Measured with:  
Measured with:  
Measured with:  
Measured with:  

• 

[ ] Filtration: Method_ 
Method 
Method 

[ ] Preservatives added: 

Method_ 
Method_ 
Method_ 
Method 

9[ ] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

Containers:_ 
Containers:, 
Containers: 

Containers:, 
Containers:, 
Containers:, 
Containers: 

10 [ ] OTHER COMMENTS: 



ß 

ß 

ß 

I 
I 

SAMPLING LOCATION X%^ FTZk I 
SAMPLING PATE(S)   /VJ//<?k ~ 

GROUND WATER SAMPLING RECORD - MONITORING WELL/POINT      TF - S  I 

SJ^SiSSS^Sf^ W Re^S^P«^   I 1 Special Sampling" ^^ 
DATE AND TIME OF SAMPLING:  T/)7 9L, 19 &*?   fm/nni 

SAMPLE COLLECTED BY: Jh^J/LhaL '   OTV^T^ -< P \ 
WEATHER:   M^^lt* 3*?L     ^f***33^  ' 
DATUMFORWATERDEPTHMEASUPEMEm-(De^       Afrikl  .- Pt/l _ 

MONITORING WELL CONDITION: 

Check-off 

[] LOCKED:      /-^                          [tf UNLOCKED I 
WELL NUMBER (Iß>IS NOT) APPARENT I 
STEEL CASING CONDITION IS: GtxU 
INNER PVC CASING CONDITIONIs.-  <£,*»<)  
WATER DEPTH MEASUREMENT DATUM/ß^S NOT) APPARFNT "  f 

[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR^            APPARENT I 
Y$ MONITORING WELL REQUIRED REPAIR (describe):      A?<Ws t^±   

1 [ ] EQUIPMENT CLEANED BEFORE USE WITH   Afreet*  ^Oi^^L^Hr- I 
Items Cleaned (List):   A^p (^*>h>,.L ) V TJKZ.   I 

2[ ] LNAPLDEPTH /DA " ' " CT „„ „  I 
MeJslSwith:  ^-_FT. BELOW DATUM | 

ESSF FT.BELOWDATUM | 

3[] WATER-CONDITION BEFORE WELL EVACUATION (Describe): j 
Appearance:    /*ka^-   j 
Odor      /V£v7lg  ■—  
Other Comments: 

4 [ ] WELL EVACUATION: 
Method:      fZ,,j>tr>fe.(Ji  p^u^ 
Volume Removed:      \.*y 
Observations:      Water (slightly - very) cloudy C^cu- 

Water level (rose - fell - no change) 
Water odors:   AA+~*  
Other comments:.  



»*-. 

5[ ] SAMPLE EXTRACTION METHOD: 

p\ Bailer made of:_ 
[ ] Pump, type:_ 
[ ] Other, describe:. 

Sample obtained is [ ]  GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp:     //, y 
pH:  
Conductivity:  
Dissolved Oxygen: f. 63 
Redox Potential: 
Salinity:  
Nitrate:  
Sulfete:  
Ferrous Iron:  
Other  

7 [ ] SAMPLE CONTAINERS (material, number, size):_ 

8[ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method  
Method. 
Method_ 

[ ] Preservatives added: 

Method_ 
Method_ 
Method_ 
Method_ 

9[ ] CONTAINER HANDLING: 

Measured with:    VST  SS 
Measured with:  
Measured with: 
Measured with:   YS£   5S 
Measured with: . 
Measured with:  
Measured with:  
Measured with:  
Measured with:  

Containers:. 
Containers:. 
Containers: 

Containers:. 
Containers:. 
Containers:. 
Containers: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ 1 OTHER COMMENTS:. 



SAMPLING LOCATION i>^_< 7r<e hTA 
SAMPLING DATE(S) rjfjypL 

GROUNDWATER SAMPLING RECORD - MONITORING WELL/POINT   TF'l)  

REASON FOR SAMPLING: (ft Regular Sampling;   [ ] Special Sampling- 
DATE AND TIME OF SAMPLING:  itVK li       P       Lom. 
SAMPLE COLLECTED BY:   rv.„ &&L «llZn* f6 
WEATHER: ft^^ f^^tfSt *i.    «fa"'** 

(number) 

DATUM FOR WATER DEPTH MEASUREMENT (Describe):_Ak£fc33^ 

MONITORING WELL CONDITION: 
[] LOCKED: * ' —■     s=\   ~ M UNLOCKED 
WELLNUMBER(psy[S NOT) APPARENT 
STEEL CASING CONDITION IS: Gcrpl 
INNERPVCCASINGCONDmONIS" OW 

r , ~_ WATERDEPTHMEASUREMENTDATUMT'dsjL IS NOT! APPARFNT 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR1^* NOT) APPARENT 
y\ MONITORINGWELLREQUIREDREPAIR(describe):    /UfrÄ< / BCM 

Chedc-off 
m EQUIPMENT CLEANED BEFORE USE WITH   Alr^r^**.   ^n^W^V 

Items Cleaned (List):^^ /fr^J^huji JV fQ* 

2 [ J LNAPL DEPTH fpj\ 
Measured with: _FT. BELOW DATUM 

WATER DEPTH. 
Measured with: 

3[ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe)- 

Other Comments:  

4[ ] WELL EVACUATION: 
Method:  K,v,wrif>l  pi^-p 
Volume Removed:  
Observations: Water (slightly - very) cloudy 

Water level (rose - fell - no change) 
Water odors:  
Other comments: 

I 
 FT. BELOW DATUM        j 

I 



5[ ] SAMPLE EXTRACTION METHOD: 

[ ] Bailer made of:_ 
[ ] Pump,type:_ 
[ ] Other, describe:. 

Sample obtained is [ ]  GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp:    //, g 
pH:. 
Conductivity: .  
Dissolved Oxygen: /,g& 
Redox Potential:  
Salinity:  
Nitrate:  
Sulfete:  
Ferrous Iron:  
Other.  

7 [ ] SAMPLE CONTAINERS (material, number, size):. 

8 [ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method 
Method, 
Method 

[ ] Preservatives added: 

Method_ 
Method_ 
Method_ 
Method_ 

9[ ] CONTAINER HANDLING: 

Y-sz £5 Measured with:_ 
Measured with:  
Measured with:  
Measured with:  Ysr    SS 
Measured with:  
Measured with:  
Measured with:  
Measured with:  
Measured with: • 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest. 

10 [ ] OTHER COMMENTS: 

Containers:. 
Containers:. 
Containers: 

Containers:. 
Containers:. 
Containers:. 
Containers: 



SAMPLING LOCATION 
SAMPLING DATE(S) 

GROUNDWATER SAMPLING RECORD - MONITORING WELL/POINT TF-l?- 

-T//t>/96 

REASON FOR SAMPLING: M Regular Sampling;   [ ] Special Sampling; 

?n^.^JIM!^LSAMPLING:  7/^ 19-&- jm£L**J&L SAMPLE COLLECTED BY: //u \J of  
WEATHER: 

(number) 

P.  C/( «ia=L 
DATUM FOR WATER DEPTH MEAS SUREMENT (Describe):. 

MONITORING WELL CONDITION: 
{ J LOCKED [•) UNLOCKED 
WELL NUMBER (IS - IS NOT) APPARENT 
STEEL CASING CONDITION IS: 
INNER PVC CASING CONDITION IS: 
WATERDEPTH MEASUREMENT DATUM (IS - IS NOT) APPARENT 

[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe)-  

Check-off 
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH  P^o~   AU-~.*:   4 Bn^frVfc    &«-   i<rj„ 

Items Cleaned (List): jUfc.Le."rS      &ZZ 

2[ ] LNAPL DEPTH 
** Measured with: 

_FT. BELOW DATUM 

WATERDEPTH. 
Measured with: 

_FT. BELOW DATUM 

3 [ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:    0 /**dy 
Odon fistZTm       f /le-rUL. 
Other Comments: 

4[ ] WELL EVACUATION: 
Method: ^■-S-Wf 

2.Z. G ftitoio s Volume Removed:. 
Observations:      Water (slightly - very) cloudy 

Water level (rose - jjglb- no change) 
Water odors:        lAo-^t.  
Other comments:  



V- 

5{ ] SAMPLE EXTRACTION METHOD: 

Pf] Bailer made of:_ 
[ ] Pump, type:_ 
[ 1 Other, describe:. 

H-t>ee 

Sample obtained is [ ]  GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp:    IZ.Ö 
pH:        ^.9j? 

C Measured with:_ 
Measured with:_ 

Conductivity: Z»D A^A^- Measured with:_ 
Dissolved Oxygen: <?.^^ *»»/>_ Measured with:_ 
RedoxPotential: ^M9- 6   A\AS       Measuredwith:_ 
Salinity: '  Measured with:_ 
Nitrate:  Measured with:_ 
Sulfate:  Measured with: 
Ferrous Iron: Measured with: 
Other 

ERS (material, number, size): 

8[ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method  
Method_ 
Method_ 

[ ] Preservatives added: 

Method_ 
Method_ 
Method_ 
Method_ 

9[ ] CONTAINER HANDLING: 

Containers:. 
Containers:. 
Containers: 

Containers:. 
Containers:. 
Containers:. 
Containers: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS: 
 Tfo_ 

b    Cft-Lio->o-s ^     6 h-t-f-o^.^ 

q,* 
f>U firrtr 7/ <i 

3*3. 

c~A      Ito 
?>?/ 
2L/Q 

EnV t^T-y HG.-L. 
(2.5 /?./ 

t?>QAll 

l3£L 
7-9Z 

■"ft' 



• I 

GROUND WATER SAMPLING RECORD - MONITORING WELL/POINT 

SAMPLING LOCATION  P-TFT/K 
SAMPLING DATEfS)   7//6/91  " 

'TFT****&,       \ 

SAMPLE COLLECTED BY:   T-'.T^ '"I6 -&&- am/P">- 

ER DEPTH! 

-TF^t3 
(number) I 

WEATHER: fe>° 
of 

DATUM FOR WATER DEPTrf MEASUREMENT (Describe): 

MONITORING WELL CONDITION: 
f] LOCKED: __„ „  I J UNLOCKED 
WELL NUMBER (IS-IS NOT) APPARENT 
STEEL CASING CONDITION IS-  
INNER PVC CASING CONDITION IS* 

11 ^^^SS^^SS^S^F^^313^ 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off 

1[] EQUIPMENT CLEANED BEFORE USE WITH     P^P-     )^!.       flir„    f.    J-* 
Items Clean») (\ ictv ° 'co>l6^—±-£E. Items Cleaned (List) •Jj£d?L£ 

2[ ] LNAPL DEPTH 
Measured with: _FT. BELOW DATUM 

WATER DEPTH. 
Measured with: _FT. BELOW DATUM 

3[ J WATER-CONDITIONBEFOREWELLEVACUATION(Describe)- 
Appearance: <U^cL     ß^.^ 
Odor ^ 
Other Comments: 

J\o-*\ 

4[ ] WELL EVACUATION: 
Method: -2-3t-A<£>E       P.^_ 
Volume Removed: 2_2. 
Observations:      Water (sUg% . very) cloudy 

<\AJL*-e-x*-& 

Water level (rose - ffli - no change) 
Water odors: 3^ J* c -m^ 
Other comments: 



- -..fc.' 

•/t-i 

5[ ] SAMPLE EXTRACTION METHOD: 

[ ] Bailer made of:_ 
[ ]  Pump, type:_ 
[ ] Other, describe:. 

Sample obtained is [ ]  GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-S1TE MEASUREMENTS: 
Temp:   rz.t 
pH:        7,9? 

•f/ZZ.O       {*«/ 

Conductivity:     37t) 
Dissolved Oxygen:   J. 6S 
RedoxPotential: 
Salinity: 
Nitrate:  
Sulfete:  
Ferrous Iron:  
Other  

Measured with:_ 
Measured with:_ 

/u*/et*x Measured with:, 
e&li. Measured with:. 

Measured with:. 
Measured with:. 
Measured with:, 
Measured with:. 
Measured with:. 

7 [ ] SAMPLE CONTAINERS (material, number, size):. 

8 [ J ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method_ 
Method_ 
Method_ 

[ ] Preservatives added: 

Containers:. 
Containers:. 
Containers: 

Method_ 
Method_ 
Method_ 
Method 

9 [ ] CONTAINER HANDLING: 

Containers:. 
Containers:. 
Containers:. 
Containers: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS: £>    G>t\u.o*s 
*,V 

)3      <o/> LL <CWA 

JJL 
ft     G*et*nJ^ 
~^T  

J2Ld<3L. 
fH 

36d 

?. -ho 
J2.* 

7. as- 

39Ö 

/Z.3 



SAMPLING LOCATION   CTPffr. 
SAMPLING DATEfS)        ""? J fc, > <•>£. 

GROUNDWATER SAMPLING RECORD - MONITORING WELL/POINT Tf' I ¥ 

^S^JSi^imt W ***«£«««*■«   I 1 Special Sampling; 
DATE AND TIME OF SAMPLING:      <t&7//£       mi     /6f3o    am /nS* 
SAMPLE COLLECTED BY:     _^^*         '   JT -^^-anL/P® 
WEATHER: ~Pr~c7^T  

(number) 

DATUM FOR WATER DEPTH MEAS (Describe):. 

MONITORING WELL CONDITION:        " " "  
[] LOCKED: [ J UNLOCKED 
WELL NUMBER (IS - IS NOT) APPARENT 
STEEL CASING CONDITION IS: 
INNER PVC CASING CONDITION IS: ~— 
WATER DEPTH MEASUREMENT DATUM (IS - IS NOT) APPARENT 

[ ] DEHCIENCIESCORRECTEDBYSAMPLECOLLECTOR ***>*> ******** 
[ ] MONITORING WELL REQUIRED REPAIR (describe):  

Check-off 
I 

1(1 EQUIPMENT CLEANED BEFORE USE WITH ?^ p,    ^Acf    j      Afr*»^,     CLr^    I 
Items Cleaned (List): —      ^ £aC—-"-"-HJ 

2[ J LNAPL DEPTH XT^ 
Measured with: 

WATER DEPTH. 
Measured with: 

3[ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 
Appearance:      W^/Jf^.      Cfau/f. 
Odon_ 
Other Comments: 

4[ ] WELL EVACUATION: 
Method: ■g -sUfifi 

^-^        g-A^-tOtti Volume Removed:          
Observations:      Water (süghtly^ very) cloudy 

Water level (rose - © - no change) 
Water odors:      AQ>^JI  
Other comments: 

_FT. BELOW DATUM 

_FT. BELOW DATUM 

I 



7i^- 

5[ ] SAMPLE EXTRACTION METHOD: 

[)4 Bailer made of:_ 
[ 1 Pump, type:_ 
[ ] Other, describe:. 

HüP£ 

Sample obtained is [ ]  GRAB; I ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp:     /$.?> 
pH:        7.3£ 
Conductivity:   /1 %     **/*»■ 

Measured with:. 
Measured with:_ 
Measured with:. 

Dissolved Oxygen:    <?„ g-3"<*/i Measured with:. 
Redoxpotential:   /y/g.2-  ^s   Measured with:. 
Salinity:  Measured with:. 
Nitrate:  Measured with:. 
Sulfate:  Measured with:. 
Ferrous Iron:  Measured with:. 
Other  

7 [ ] SAMPLE CONTAINERS (material, number, size):. 

8 [ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method 
Method. 
Method 

Containers:. 
Containers:. 
Containers: 

[ ] Preservatives added: 

Method_ 
Method. 
Method. 
Method 

Containers:. 
Containers:. 
Containers:. 
Containers: 

9[ ] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

>*(.  L 10 [ ] OTHER COMMENTS:      &     G> 
 CL±: <b,£S 

12   e* 

+ 7-2Q 

S€& »*g <-C>g>v 

/3. Ä 



• 

SAMPLING LOCATION  M^,« T^ fTA 

SAMPLING DATE(S)_J^^_~: 

GROUND WATER SAMPLING RECORD - MONITORING WELL/POINT      TP-JS 

SAMPLE COLLECTED BY-   1^"%"!  ^   • l9~0-^^--^nUp.m. 
WEATHER;  X..,    ™i/ff£   ffi/"-'       of-^*^L. 

(number) 

DATUMFOR^T&DETOM^^ 

MONITORING WELL CONDITION: " 
[■] LOCKED:    /^v 
WELLNUMBERftlsj IS NOT) APR 
STEEL CASING CONDITION IS 

\$ UNLOCKED 

INNER PVC CASING CONDITION IS- 
r . _„„ WATHRÖEPTHMEASUREMENTDAiUM 

?^^C^OT^^EDBYSAMPI£COuicTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe);__ 

IS NOT) APPARENT 

Check-off  ■  

ifl EQUIPMENT CLEANED BEFORE USE WITH H^^/.J .^ 
Items Cleaned gist): ?^r \c 

2[ ] LNAPL DEPTH fJA 
Measured with: _FT. BELOW DATUM 

WATER DEPTH  
Measured with:  _FT. BELOW DATUM 

3[ J WATER-CONDITIONBEFOREWELLEVACUATION(Describe)- 
Appearance: ßn,~^   sL.JY 
Odor. Ajn^ 
Other Comments: 

4 [ ] WELL EVACUATION: 
Method: 
Volume Removed:        ?C^.*J 
Observations: Water (felightW - very) cloudy 

Water leW(rose - fell - no change) 
Water odors:       A/cmfc  
Other comments: 



J? 

5[ ] SAMPLE EXTRACTION METHOD: 

rf Bailer made of:_ 
1 Pump,type:_ 

[ 1 Other, describe:.. 

Sample obtained is [ ]  GRAB; I ]  COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp:    \1J 
pH:  
Conductivity: . 
Dissolved Oxygen:    S. I 
Redox Potential:  
Salinity:  
Nitrate:  
Sulfete: 

8 [ ] ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method 
Method_ 
Method_ 

[ ] Preservatives added: 

Method_ 
Method_ 
Method_ 
Method_ 

9[ ] CONTAINER HANDLING: 

Measured with:    OrVi>~   \)0 9tfö 
Measured with:  
Measured with:  
Measured with: Ohi^   i>9   &hft> 
Measured with:  
Measured with:  
Measured with:  
Measured with:  

Ferrous Iron: Measured with: 
Other. 

ERS (material, number, size}: 

Containers:. 
Containers:. 
Containers: 

Containers:. 
Containers:. 
Containers:. 
Containers: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS: 



ß 
SAMPLING LOCATION, Wr h~cA~Htx, i=»\ 
SAMPLING DATEfS)     r/l?/hcj 

GROUND WATER SAMPLING RECORD - MONITORING WELL/POINT    TF-li* 

REASON FOR SAMPLING: tA Regular Sampling;   [ ] Special Sampling- 
DATE AND TIME OF SAMPLING: rf/fa       . 19         M&     a^/pnL 
SAMPLE COLLECTED BY: ^ lltu&jl ~ ^  

(number) 

of fr**t\, g< 
\frr*r ...^pf-uy^r 

(Describe): A^hiU .^   ^ <>^ 

MONITORING WELL CONDITION: 
[ ] LOCKED l j —~ ^-. y4. UNLOCKED 
WELLNUMBEB(^3S NOT) APPARENT 
STEEL CASING CONDITION IS:   <^i 
INNER PVC CASING CONDITION IS: eZ^yd 
WATER DEPTH MEASUREMENT DATm<Q3>IS NOT) APPARENT 

[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR*!* 
Y± MONITORING WELL REQUIRED REPAIR (describe): Ateftf .< /^k  

Check-off " 
1 [ ] EQUIPMENT CLEANED BEFORE USE WITH Alco^ot  4> C^«J+ *- 

Items Cleaned (List):   i\*^p Str...***^ \ 

2[ ] LNAPL DEPTH N>A 
Measured with: 

__FT. BELOW DATUM 

WATER DEPTH. 
Measured with: 

_FT. BELOW DATUM 

3[ ] WATER-CONDrnON BEFORE WELL EVACUATION (Describe): 
Appearance: f)iUt/y UauAy  
Odon AJuvvt.  "     ' 
Other Comments: 

4[ ] WELL EVACUATION: 
Method:    R»wp - fewtyfttecK. 
Volume Removed:   7f 
Observations:      Water (gfightty - very) cloudy 

Water level (rose - fell - no change) 
Water odors:        
Other comments: 

ß 



-»£" 

-\P- 

5[ ] SAMPLE EXTRACTION METHOD: 

ft 
Bailer made of: ^u)e,r 

]  Pump, rype:_ 
[ ]  Other, describe:_  

Sample obtained is 00  GRAB; [ ]   COMPOSITE SAMPLE 

6[ ] ON-SITE MEASUREMENTS: 
Temp:    IQ.Q Measured with: Ysz    €g 
pH: Vr*fv,f%~.rk>£± J^s^J, /c     Measured with:_ 
Conductivity:  Measured with:_ 
Dissolved Oxygen: y^fjfj.tS 
Redox Potential:  
Salinity:  
Nitrate:  
Sulfete:  
Ferrous Iron:  
Other  

Measured with:   YSZ    GS 
Measured with:  
Measured with:  
Measured with:  
Measured with:  
Measured with:  

7 [ ] SAMPLE CONTAINERS (material, number, size):_ 

8 [ 1 ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method_ 

[ ] Preservatives added: 

Containers: 
Method Containers 
Method Containers* 

Method Containers 
Method Containers 
Method Containers 
Method Containers 

9 [ ] CONTAINER HANDLING: 

[ ]     Container Sides Labeled 
[ ]     Container Lids Taped 
[ ]     Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS:. 



# 
Aquifer Slug Test Data Sheet 

T .oration Westover ARB 
Job No. 77.2450.28020 
Water Level  

Client_JAfCEE_ 

VV, 77- 
Field Scientist_JQMZMiL 
Total Well Depth, H8. C 7- 

Well No. T^- 
Date      t,'lio I'M 

&. 

Measuring Datum_ 
Weather  
Comments  

-T0C 
>"-*-y 

Elevation of Datum_ 
Temp     •? c" 

^^ 

m 

Beginning 
Time 

Ending 
Time 

Initial 
Head 

Reading 

Ending 
Head 

Reading 
Test Type 
(Rise/Fall) 

File Name Comments 

i\M.r <^H> 3'3ä£* "3,3%<5 f-lewA- T^ÖF« 5^u/6      iß    AO4~ 

3"S <^>v "?- 36#> ?.3/<3/ /^'S<*. TF 8(k1 JU*% Af\JLr t. / r> ~ 

IS* <\*>H 3>?«?«r- -3,H3o^ /^l.C -iFfiFD 1              y i        * 

Cf*5«T 
—r—!  

"S.HPtf 3. 3«*l j-3<« TF8FA 

m:\forms\slug.doc 4/28/95 
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Aquifer Slug Test Data Sheet 

• 

T .oration Westover ARB 
TohNo 772450.28020 
Water Level 

Client_JAF£EE_ 

V^./3 

Field Scientist   DM/MV 
Total Well Depth     £3.0°) 

Well No.   TIF ~ 14 
Date     Tl Z.&   /9< 

Measuring Datum_ 
Weather j^ 
Comments  

To 

^y 

Elevation of Datum_ 
Temp    -re* 

^-ff-^ 

Beginning 
Time 

$■ 

IJD 

^-V 
■jtC 

fo 

Ending 
Time 

Cft,^ 
Tr 

<??£ 

_2I±_ 

Initial 
Head 

Reading 

to 
y, ft** 

MraZSl 
q.ir'3 

Ending 
Head 

Reading 
» GW* 
».W3 
ism 
y. t> I** 

Test Type 
(Rise/Fall) 

ffict. 
£>9<- 

f-/acc- 

£><>< 

File Name 

TFteFI 
T?i(> tLl 
TPfA fä. 
TFt6 ß-JL 

Comments 

5^ A? Lu^*y) &-<£. Cj< 

m:\forms\slug.doc 4/28/95 
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APPENDIX B 

SOIL AND GROUNDWATER ANALYTICAL RESULTS 

022/722450/WESTOVER/8.WW6 



Environmental 
LABORATORY   SERVICES 
7280Caswell Street, Hancock Air Park North Syracuse, NY 13212 
(315)458-8033 FAX (315) 458-0249 (800)842-4667 

E.P.S.   -  SPRINGFIELD 
53  TURNBULL  ST. 

SPRINGFIELD MA 01104 
ATTN:   ENVIRONMENTAL  COORDINATOR 

P.O.   # 82285 
CLIENT  JOB  NUMBER:   629M0414 

PROJECT  #:   950948 
RECEIVED:   05/19/95 

TEST PERFORMED RESULTS UNITS 

SAMPLE  #:      99946        CLIENT SAMPLE   ID:   861-NA-l 

SOLIDS, TOTAL 78 PERCENT 

CARBON. TOTAL ORGANIC <1 MG/KG 

SAMPLE  #:      99947        CLIENT SAMPLE   ID:   861-NA-2 

JflLIDS, TOTAL 82 PERCENT 

^PIoN, TOTAL ORGANIC <1 MG/KG 

SAMPLE  #:      99948        CLIENT SAMPLE   ID:   861-NA-3 

SOLIDS, TOTAL 82 PERCENT 

CARBON, TOTAL ORGANIC <1 MG/KG 

SAMPLE  #:      99949        CLIENT SAMPLE   ID:   861-NA-4 

SOLIDS. TOTAL 95 PERCENT 

CARBON, TOTAL ORGANIC <1 MG/KG 

SAMPLE #:     99950        CLIENT SAMPLE  ID:   861-NA-5 

SOLIDS, TOTAL 79 PERCENT 

CARBON, TOTAL ORGANIC <1 MG/KG 

DATE            METHOD 
PERFORMED    NUMBER 

PERFORMED 
BY 

DATE   SAMPLED:   05/15/95 

05/19/95          EPA 16D.3 MM 

05/24/95          SW9060 MOD. 10900 (NY) 

DATE   SAMPLED:   05/15/95 

05/19/95 EPA 160.3 

05/24/95 SW9060 MOD. 

DATE  SAMPLED:   05/15/95 

05/19/95 EPA 160.3 

05/24/95 SW9060 MOD. 

DATE   SAMPLED:   05/15/95 

05/19/95 EPA 160.3 

05/24/95 SW9060 MOD, 

DATE  SAMPLED:   05/18/95 

05/19/95 EPA 160.3 

05/24/95 SW9060 MOD. 

MM 

10900 (NY) 

MM 

10900 (NY) 

MM 

10900 (NY) 

MM 

10900 (NY) 

Page 1 

Your Full-Service Analytical Laboratory 
Holding Certifications in Connecticut, Delaware. Maryland. Massachusetts. New Hampshire. New York. Pennsylvania, and Rhode Island 
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Ref:  95-JH37/vg 

July 11, 1995 

Dr. Don Kampbell 
R.S. Kerr Environmental Research Lab 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK 74820 

THRU: S.A. Vandegrift ' 

Dear Don: 

Find attached results for methane on samples received on May 
22, 1995 and analyzed on June 9, June 13, June 20, June 22, and 
June 26, 1995 under Service Request #SF-1-133. Samples were 
prepared and calculations were done as per RSKSOP-175. Analyses 
were performed as per RSKSOP-147. 

If you have any questions, feel free to contact me. 

Sincerely, 

Jeff Hickerson 

xc: R.L. Cosby 0 
J.L. Seeley-Yj 
G.B. Smith I) 

ManTech Environmental Research Services Corporation 

R.S. Kerr Environmental Research Laboratory, R0. Box 1198,919 Kerr Research Drive 
Ada, Oklahoma 74821-1198  405-436-8660  FAX 405-436-8501 



SR#SF-1-133 

ANALYSIS PERFORMED 6-9-95 
SAMPLE        METHANE 

LAB BLANK BLQ 
WETF-1 BLQ 
WETF-1A BLQ 
WETF-2 ND 
WETF-2A 0.180 
" FIELD DUP 0.154 
WETF-3 BLQ 
WETF-4 BLQ 
WETF-5 0.003 
WETF-7 BLQ 
" FIELD DUP ND 
WETF-8 BLQ 
" LAB DUP BLQ 
10PPMCH4 10.39 
100PPMCH4 99.96 
1000 PPM CH4 1052.50 
1%CH4 1.00*70 

ANALYSIS PERFORMED 6-13-95 
SAMPLE        METHANE 

LAB BLANK BLQ 
WETF-11 0.004 
WETF-12 BLQ 
WETF-13 BLQ 
WETF-14 BLQ 
" FIELD DUP 0.0003 
WETF-15 BLQ 
WETF-16 BLQ 
WECF-1 BLQ 
WECF-1A BLQ 
WECF-2 BLQ 
"LAB DUP BLQ 
10 PPM CH4 9.17 
100PPMCH4 100.07 
1000 PPM CH4 1058.81 
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Ref:  95/JAD33 

June 19, 1995 

Dr. Don Kampbell 
R.S. Kerr Environmental Research Lab 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK 74820 

THRU: S.A. Vandegrift $4 

Dear Don: 

As requested in Service Request # SF-1-133, headspace GC/MS 
analysis of 46 Westover AFB water samples for tetrachloroethene 
(PCE), trichloroethene(TCE), dichloroethenes(DCE's) and vinyl 
chloride was completed. The samples were received on May 22, 1995 
and analyzed on June 5-8, 1995. RSKSOP-148 (Determination of 
Volatile Organic Compounds in Water by Automated' Headspace Gas 
Chromatography/Mass Spectrometry (Saturn II Ion Trap Detector) was 
used for this analysis. 

An internal standard calibration method was established for 
the six compounds. The standard curves were prepared from 1.0 to 
5000 ppb.  The lower calibration limits were 1.0 ppb. 

A quantitation report for the samples, lab duplicates, field 
duplicates, QC standards and lab blanks is presented in table 1 & 
2. 

If you should have any questions, please feel free to contact 
me. 

Sincerely, 

John Allen Daniel 

xc: R.L. Cosby 
G.B. Smith 
D.D. Fine   „ 
J.IJ. Seeley^y7 

• 

Manlech Environmental Research Services Corporation 

US. Kerr Environmental Research Laboratory, P.O. Box 1198,919 Kerr Research Drive 
Ada,Oklahoma74821-1198 405-436-8660  FAX405-436-8501 
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Ref:  95-DF33 

June 23, 1995 

Dr. Don Kampbell 
R.S. Kerr Environmental Research Lab 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK 74820 

THRU:  S.A. Vandegrift ? 

Dear Don: 

As requested in Service Request SF-1-133, GC/MS analysis for 
phenols and aliphatic/aromatic acids was done on two water samples 
labelled WEMP-4S and WETF-2A from Westover AFB. Liquid-liquid 
extraction was done by Amy Zhao on May 31, 1995. The extract was 
analyzed by GC/MS on June 7, 1995. A SOP describing the 
extraction, derivatization and GC/MS analysis is in preparation. 

Liquid-Liauid  Extraction  of  Phenols  and  Aliphatic/Aromatic 
Acids. 

For the extraction of the phenols and aliphatic/aromatic acids 
from the water sample, 100 ml of the water sample is placed in a 
dried, silanized 125 ml separatory funnel. Spike solutions if 
applicable were added to the sample at this time. The pH of the 
water is adjusted to 2.0 using 1:1 HjSO/. For a water blank without 
Na3P04 added, a pH of 2 is reached with ten drops. For 100 ml of 
water sample preserved with Na3P04, twenty drops of acid is 
required. Next 25 g of NaCl is added to the separatory funnel 
after which the liquid is swirled to dissolve the salt. 

The water sample is extracted four times with 5 ml aliquots of 
acid free methylene chloride. To remove acids from methylene 
chloride and other solvents, 10 g of Celite Micro-Cel T-49 is added 
to one liter of GC/MS grade solvent. This mixture is stirred for 
one hour, allowed to settle and is filtered through a Millipore 
organic filter pad using Millipore vacuum apparatus. The methylene 
chloride extracts are collected in silanized 40 ml VOA vials. The 
total extract volume is recorded. 

ManTech Environmental Research Services Corporation 

US. Kerr Environmental Research Laboratory, R0. Box 1198,919 Kerr Research Drive 
Ada, Oklahoma 74821-1198  405-43^8660  FAX 405-436-8501 



Phenol/Acid Derivatization to Form PFB Ethers and Esters. 

A 200 fil aliquot of the methylene chloride extract is 
delivered to a 2 ml screw cap vial containing 2.5 mg of dried 
potassium carbonate. Next 790 /xl of acid free acetonitrile, 10 jul 
of 100 ppm benzoic acid-d5 and 10 pi of pentafluorobenzyl bromide 
is added to the vial. Benzoic acid-d5 is the internal standard for 
the analysis. The vials are momentarily placed in a sonic bath to 
free the solid salt from the bottom of the vial. The screw caps of 
the vials are tightened and the vials are heated in a oven at 60°C 
for 2 hours. When the vials are removed from the oven, 500 jul of 
0.1M Hcl is added. The vials are shaken for 30 seconds and 200 /xl 
of the top organic layer is delivered to the liner of a 2 ml crimp 
cap autosampler vial. 

Negative Ion Chemical Ionization GC/MS Analysis of PFB-Derivatives. 

For negative ion chemical ionization GC/MS, a chemical 
ionization ion volume is placed in the ion source block of the 
Finnigan 4615 GC/MS. Methane gas is regulated using a needle valve 
until the ionizer pressure reaches 0.40 torr. With the ionizer at 
this pressure, the high vacuum pressure indicates l.OxlO"5 torr. 
The mass spectrometer is tuned using the calibration gas, FC-43, to 
obtain good peak shape for ions 414 and 633. m/z and a relative 
intensity of 100:14:4 for ions 633, 414 and 127 m/z. The ion 
source is heated at 150°C. The injector and transfer lines are 
held at 275°C. 

The Hewlett Packard 7673 autoinjector delivered 0.5 /nl of the 
sample or standard to the GC injection port. A splitless injection 
for 1 minute was used for the analysis. The analytical column was 
a 60 meter, 0.25 mm J&W DB5-MS capillary column with 0.25 jum film 
thickness. The column was temperature programmed from 50°C to 
100°C at 30°C/min and then to 300°C at 6°C/min. The helium linear 
velocity measured with air was 36 cm/s when the oven temperature 
was 100°C and the helium head pressure on the column was 29 psi. 
The Finnigan 4615 GC/MS was scanned from 42 to 550 m/z in 0.5 sec. 

Standard curves are prepared using a mixture containing 
thirteen phenols, twenty-five aliphatic acids and nineteen aromatic 
acids. Calibration curves for acetic acid was not prepared due to 
artefact levels of this acid in solvents. Derivatization of the 
standard solutions and samples was done in the same manner. 
Standards are prepared at 5, 10, 25, 50, 100, 500 and 1000 ppb. 
Quality assurance was maintained during the sample analysis by 
running check standards, derivatization blanks, extraction banks, 
extraction recovery check standards and spiked field samples. 
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Quantitative Results of Phenols and Aliphatic/Aromatic Acids. 

Table I provides the concentrations aliphatic/aromatic acids 
found in the water sample taken at the Westover AFB site and 
quality assurance samples run at the same time as the samples. The 
lowest reported value of acid in this table is at or about 5 ppb. 
Please note that quantitation of phenols was not possible due to a 
derivatization procedure error which will be corrected in future 
samples. 

Spike recoveries for each of the acids and phenols were 
determined in 50 ppb spikes of 100 ml of water blank. Recovery of 
the 50 ppb concentration was poor for low molecular weight 
aliphatic acids due to the poor extraction efficiencies of these 
acids from water. Higher molecular weight aliphatic and aromatic 
acids exhibit good recoveries. 

Please note that a problem has occurred in the determination 
of benzoic acid at levels below 50 ppb. The benzoic äcid levels 
found in the extraction blank are higher than that found in the 
sample. We will determine the source of the benzoic acid artifact 
before the next acid/phenol sample queue is started. 

If you should have any questions, please feel free to contact 
me. 

xc: J.L. Seeley-W> 
G.B. Smith  ' 
R.L. Cosby 

Sincerely, 

Dennis D. Fine 
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Table I.  Quantitative Report and QC Data lor Phenols and Aliphatic and Aromatic Acids 
lor Samples Irom Westover AFB (Service Request SF-1 -133J. 

WEMP-4S     WETF-2A 

Concentration ppb 

Extraction  SO ppb Extr. 
BlanK      Recovery 

10 ppb 
ChK. Sid. 

SO ppb 
ChK. Sid. 

100 ppb 
ChK. Sid. 

1 PROPANOIC ACID - PFB 

2 2-METHYLPROPANOC ACID - PFB 

3 TRIMETHYL ACETIC ACID - PFB 

4 BUTYRIC ACID-PFB 

5 2-METHYLBUTYRC ACID - PFB 

6 3-METHVLBUTYRC ACID - PFB 

7 3,3-DIMETHYLBUTYRIC ACID - PFB 

8 PENTANOC ACID - PFB 

9 2,3-DIMETHYLBUTYRIC ACID - PFB 

10 2-ETHYLBUTYRIC ACID - PFB 

11 2-METHYLPENTANOIC ACID - PFB 

12 3-METHVLPENTANOC ACID - PFB 

13 4-METHYLPENTANOC ACID - PFB 

14 HEXANOIC ACID - PFB 

15 2 -METHYLHEXANOIC ACID - PFB 

16 PHENOL - PFB 

17 CYCLOPENTANECARBOXYLIC ACIO - PFB 

18 5-METHYLHEXANOIC ACID - PFB  

19 o-CRESOL - PFB 

20 2 -ETHYLHEXANOIC ACID - PFB 

21 HEPTANOC ACID - P FB 

25 o-ETHYLPHENOL - PFB 

26 CYCLOPENTANEACETIC ACIO - PFB 

27 2.6-DIMETHYLPHENOL - PFB 

28 2,5-DIMETHYLPHENOL - PFB 

29 CYCLOHEXANECARBOXYUC ACID - PFB 

30 3-CYCLOHEXENE-1 -CARBOXYUC ACID - PFB 

34 2.3-DIMETHYLPHENOL - PFB 

35 p-ETHYlPHENOL - PFB 

36 BENZOC ACID - PFB  

37 3,4-DIMETHYLPHENOL - PFB 

38 m -METHYLBENZOC ACID - PFB 

39 1 -CYCLOHEXENE-1 -CARBOXYUC ACID - PFB 

40 CYCLOHEXANEACETCACID-PFB 

41 2-PHENYLPROPANOICACIO-PFB 

42 o-METHYLBENZOC ACID - PFB  

43 PHENYLACETC ACID - PFB 

44 m -TOLYLACETC ACTO - PFB 

45 o-TOLYLACETIC ACIO - PFB  

46 2.6-OIMETHYLBENZOCACIO-PFB 

47 p -TOLYLACETIC ACID - PFB 

48 p-METHYLBENZOIC ACID - PFB  

49 3-PHENYLPROPANOIC AaD - PFB 

50 2^-DIMETHYLBENZOCACID-PFB 

51 DECANOC ACID - PFB 

52 2.4-DIMETHYU3ENZOC ACID -PFB 

53 3.5-DIMETHYU3ENZOC ACID -PFB 

54 2,3-DIMETHVLBENZOC ACID - PFB 

55 4-ETHYLBENZOC ACID-PFB 

56 2.4,6-TRIMETHYLBENZOCAaD-PFB 

57 3.4-OIMETHYLBENZOC ACID - PFB 

58 2,4.5 -TRIMETHYLBENZOC ACID - PFB 

214 

57 

35 

144 

28 

362 

110 

52 

10 

N.F. 

54 

43 

N.F. 

13 

10 

N.Q. 

24 

13 

N.Q. 

77 

N.Q. 

13 

N.Q. 

N.Q. 

16 

N.F. 

31 2.4-DIMETHYLPHENOL - PFB N.Q. 

32 3^-DIMETHYLPHENOL&M-ETHYLPHENCL-PFB N.Q. 

33 OCTANOIC ACIO - PFB *** 
N.Q. 

N.Q. 

205 

N.Q. 

316 

N.F. 

32 
603 

237 

35 

221 

N.F. 

29 

19 

11 

41 

N.F. 

N.Q. 
ft** 

N.Q. 

N.F. 

22 m-CRESOL-PFB N.Q. 

23 p-CRESOL - PFB N.Q. 

24 1-CYCLOPENTENE-1-CARBOXYLICACIO-PFB N.F. 

N.Q. 

N.Q. 

N.F. 

N.Q. 

N.Q. 

N.Q. 

N.F. 

N.Q. 

N.Q. 

24 

N.Q. 

N.Q. 

20 

N.Q. 

N.F. 

23 

9 

23 

59 

12 

10 

10 

53 

52 

51 

22 

51 

49 

9 

10 

10 

51 

52 

51 

66 

55 

65 

51 

50 

51 

65 

66 

10 

10 

9 

50 

50 

52 

18 

N.F. 

65 

72 

51 

49 

50 

N.Q. N.Q. 

51 

68 

N.Q. 

7 

N.Q. 

52 

51 

N.Q. 

26 

8 

N.Q. 

64 

73 

N.Q. 

12 

6 

N.Q. 

39 

'51 

N.Q. 

N.Q. 

N.Q. 

N.Q. 

49 

N.Q. 

N.Q. 

7 

N.Q. 

N.Q. 

51 

N.Q. 

N.Q. 

N.Q. 

63 

N.Q. 

N.Q. 

6 

N.a 

N.Q. 

50 

N.Q. 

N.Q. N.Q. 

64 

61 

N.Q. 

7 

8 

N.Q. 

52 

51 

N.Q. 

N.Q. 

15 

N.Q. 

N.Q. 

77 

N.Q. 

N.Q. 

7 

N.Q. 

N.Q. 

50 

N.Q. 

N.Q. 

10 

N.Q. 

N.Q. 

85 

N.Q. 

N.Q. 

51 

N.Q. 

N.Q. 

45 

N.Q. N.Q. 

N.F. 57 

N.F. 64 

N.Q. 

N.F. 67 

N.F. 83 

NJF. 61 

N.F. 64 50 

*** indicates concentration of extract was below lowest calibration standard (5 ppb). 

N.F. indicates not found. 
N.Q. Indicates no quantitation due to derivative procedure error. 

94 

91 

90 

90 

93 

95 

93 

91 

95 

94 

94 

97 

94 

89 

94 

N.Q. 

90 

86 

N.Q. 

80 

61 

N.Q. 

N.Q. 

97 

N.Q. 

90 

N.Q. 

N.Q. 

92 

97 

N.Q. 

N.Q. 

92 

N.Q. 

N.Q. 

128 

500 ppb 
ChK. Sid. 

732 

653 

679 

588 

559 

448 

537 

435 

442 

441 

435 

466 

457 

449 

450 

N.Q. 

436 

463 

N.Q. 

340 

443 

N.Q. 

N.Q. 

461 

N.Q. 

442 

N.Q. 

N.Q. 

431 

480 

N.Q. 

N.Q. 

435 

N.Q. 

N.a. 
477 

N.Q. N.Q. 36 

51 101 487 

51 87 429 

8 ... N.F. 65 6 51 90 441 

8 N.F. N.F. 64 6 ' 50 103 541 

327 12 N.F. 64 6 51 111 525 

266 • •• ... 64 5 50 108 529 

159 27 N.F. 71 •*• 55 99 479 

16 20 NJ=. 74 27 51 96 530 

56 134 626 

59 103 578 

53 107 530 

N.F. N.F. 65 ... 50 101 557 

15 NJF. 63 ■ 8 52 110 549 

8 *" 66 ... 51 93 470 

87 19 Hf. 68 7 50 107 514 

29 7 NJF. 63 6 46 104 516 

59 ... N.F. 65 6 51 115 555 

68 NJF. NJ=. 68 5 51 104 547 

B                98 11 NJF. 64 8 52 117 545 

64 10 NJF. 60 •** 52 104 526 

545 
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Ref:  95-LB38 
May 26, 1995 

Dr. Don Kampbell 
R.S. Kerr Environmental Research Lab 
U.S. Environmental Protection Agency 
919 Kerr Research Drive 
Ada, OK  74820 

THRU: Steve Vandegrift<£\/ 

Dear Don: 

Please find attached the analytical results for Service 
Request SF-1-133, Westover AFB, requesting the analysis of up to 50 
groundwater samples to be analyzed for BTEXXX, TriMBs, TetraMBs, 
and Total Fuel Carbon. A total of 46 samples were received, some 
in duplicate, in capped, 40 mL VOA vials on May 22, 1995. The 
samples were analyzed on May 23-25, 1995. All samples were 
acquired and processed using the Millennium data system. A l-joo 
ppb external calibration curve was used to determine the 
concentration for the tetramethylbenzene compounds; a 1-1000 
external calibration curve was used to determine the concentration 
for the remaining compounds. 

RSKSOP-133 "Simultaneous Analysis of Aromatics and Total Fuel 
Carbon by Dual Column-Dual Detector for Ground Water Samples" was 
used for these analyses. Auto-sampling was performed using a 
Dynatech autosampler in-line with a Tekmar LSC 2000 sample 
concentrator. 

Sincerely, 

Lisa R. Black 

xc: R.L.Cosby 
6.B. Smith   / 
J. L. Seeley^jC 

ManTech Environmental Research Services Coiporaflon 

R5. Kerr Environmental Research Laboratory, R0. Box 1198,919 Kor Research Drive 
Ada, Oklahoma 74821-1198 405-436^660  FAX 405436-8501 



/ 

Printed 5/26/95 SF-1-133 DP-PT/GC-PID:RD Analyses for Dr. Kampbell Units = ng/mL Analyst: L Black 

1.3,5-TMB 

• 
100 PPB 103.02 103.50 106.67 
QC, OBSERVED, PPB 47.41 47.89 46.55 
QC. TRUE VALUE. PPB 50.00 50.00 50.00 
WETF-1 3.05 10.83 3.80 
WETF-1A ND ND ND 
*WETF-2 3.67 14.04 4.89 
WETF-2A 87.43 280.06 92.38 
WETF-3 1.69 5.21 1.83 
WETF-4 ND ND ND 
WETF-5 2.71 46.80 3.94 
WETF-5 Duplicate 1.94 35.31 3.16 
WETF-7 1.15 3.03 1.29 
WETF-8 1.12 £79 1.11 
WETF-11 1.45 12.95 3.05 
10 PPB 9.31 9.28 9.43 
WETF-12 1.22 3.38 1.21 
WETF-13 4.46 17.32 5.39 
WETF-14 2.52 9.26 2.95 
WETF-15 ND ND ND 
WETF-16 2.75 10.14 3.23 
WECF-1 ND ND ND 
WECF-1A ND ND ND 
WECF-2 ND ND ND 
WECF-2A 202.38 503.89 328.44 
WECF-3 185.98 549.35 309.57 
500 PPB 513.16 506.78 512.68 
*WECF-4 ND 1.99 1.34 

ACF-5 ND 1.82 1.43 
^■cF-6 ND ND ND 

WECF-6A ND ND ND 
WECF-6A Duplicate ND ND ND 
WECF-8 ND ND ND 
WEMP-1D ND ND ND 
WEMP-1S ND ND ND 
WEMP-2S ND ND ND 
WEMP-3S ND ND ND 
QC. OBSERVED, PPB 47.41 47.97 46.40 
QC. TRUE VALUE, PPB 50.00 50.00 50.00 
WEMP-4S 263.39 816.95 502.99 
WEMP-5D 2.29 3.08 1.64 
WEMP-5S 1.13 1.80 1.13 
WEMP-6S ND ND ND 
WEMP-6 Duplicate ND ND ND 
WEMP-7S ND ND ND 
WEMP-8M ND ND ND 
WEMP-8S ND ND ND 
WEMP-9S ND ND ND 
WEMP-10S ND ND ND 
10 PPB 9.99 10.16 10.52 
WEMP-11S 15.38 ia6i 18.62 
WEMP-11S Duplicate 13.24 13.57 18.75 
WEMP-12S 218.23 650.25 353.72 
WEMP-14D 24.66 62.50 40.48 
WEMP-14M 19.28 4a26 27.36 
WEMP-15D 1.85 3.54 a57 
WEMP-15M ND ND ND 

JHU1P-15S ND ND ND 
■ «P-16D ND ND ND 

TOOPPB 100.10 100.14 99.92 

1,2,4-TMB 1,2,3-TMB 1,2,4.5-Tetra 1.2,3,5-Tetra 1.2,3,4-Tetra Fuel Carbon 

101.83 
45.80 
50.00 
BLQ 
ND 
1.30 
10.08 
ND 
ND 

3.21 
2.67 
ND 
ND 

4.35 
9.35 
ND 

0.96 
ND 
ND 
ND 
ND 
ND 
ND 

37.57 
24.54 

490.29 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

45.32 
50.00 
106.28 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

10.47 
4.08 
5.13 

22.61 
£08 
2.75 
ND 
ND 
ND 
ND 

99.00 

102.44 
50.16 
50.00 
1.18 
ND 
1.69 
15.67 
ND 
ND 

3.87 
3.03 
ND 
ND 

3.53 
9.20 
ND 
1.55 
1.00 
ND 

0.89 
ND 
ND 
ND 

57.27 
40.09 

491.89 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

49.87 
50.00 
141.10 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

10.54 
4.62 
5.71 

37.71 
3.66 
4.02 
ND 
ND 
ND 
ND 

99.32 

104.42 
50.98 
50.00 
ND 
ND 
1.17 
17.36 
ND 
ND 
6.29 
5.48 
ND 
ND 
8.39 
9.51 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

62.70 
52.62 

497.95 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

50.24 
50.00 
182.62 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

10.71 
4.24 
5.18 
47.00 
5.47 
5.18 
ND 
ND 
ND 
ND 

98.55 

N/A 
N/A 
N/A 

154.4 
ND 
156 

2580 
56.78 
BLQ 

320.6 
275.1 
20.31 
20.99 
301.1 
N/A 

29.73 
160.9 
80.58 
BLQ 
105.3 
ND 
ND 
ND 

4720 
11000 
N/A 

21.85 
9.71 
ND 

42.88 
46.11 
ND 
ND 
ND 

BLQ 
ND    £ 
N/A 
N/A 

<304Op 
55.97 
22.96 
ND 
BLQ 
ND 
ND 
ND    . 
ND 

BLQ 
N/A 

335.3 
337.6 
32600 
2021 
668.1 
52.06 
ND 

BLQ 
BLQ 
N/A 

T^- 

* Sample was analyzed after a very contaminated sample, therefore the concentrations reported may not represent the true values. 

ND = None Detected; N/A = Not Analyzed; BLQ = Below Limit of Quantttafon, 1 ppb 



/ 
/ 

Printed 5/26/95 SF-1-133 

100 PPB 

BENZENE TOLUENE 

102.58 101.76 

QC, OBSERVED, PPB 48.12 49.82 

QC, TRUE VALUE, PPB 50.00 50.00 

WETF-1 14.51 57.17 

WETF-1A ND ND 

*WETF-2 7.84 39.38 

WETF-2A 5.01 184.60 

WETF-3 1.89 20.17 

WETF-4 ND BLQ 

WETF-5 2.29 19.39 

WETF-5 Duplicate 1.52 12.83 

WETF-7 BLQ 4.54 

WETF-8 BLQ 5.81 

WETF-11 1.99 11.58 

10 PPB 9.93 10.52 

WETF-12 BLQ 8.84 

WETF-13 3.71 42.29 

WETF-14 1.69 20.34 

WETF-15 ND BLQ 

WETF-16 3.46 32.79 

WECF-1 ND ND 
WECF-1A ND ND 

WECF-2 ND ND 

WECF-2A 170.39 35.03 

WECF-3 271.40 2642.91 

500 PPB 509.38 510.67 
*WECF-4 BLQ 3.40 

MECF-5 1.75 ND 
■CF-6 ND ND 

^ECF-6A 25.30 ND 
WECF-6A Duplicate 24.69 BLQ 
WECF-8 ND ND 
WEMP-1D ND ND 
WEMP-1S ND ND 
WEMP-2S ND BLQ 
WEMP-3S ND ND 
QC, OBSERVED, PPB 48.49 50.47 
QC, TRUE VALUE, PPB 50.00 50.00 
WEMP-4S 8488.59 15760.45 
WEMP-5D 6.95 BLQ 
WEMP-5S £40 BLQ 
WEMP-6S ND ND 
WEMP-6S Duplicate ND BLQ 
WEMP-7S ND ND 
WEMP-8M ND ND 
WEMP-8S ND ND 
WEMP-9S ND ND 
WEMP-10S ND BLQ 
10 PPB 10.63 10.47 
WEMP-11S £82 BLQ 
WEMP-11SDupncate 3.63 0.97 
WEMP-12S 2260.51 15263.80 
WEMP-14D 266.53 780.16 
WEMP-14M 153.26 1.62 
WEMP-15D 2.03 ND 
WEMP-15M ND ND 

MEMP-15S 0.92 BLQ 
HMP-16D ND ND 
^OOPPB 98.40 100.86 

DP-PT/GC-PID:F1D Analyses for Dr. Kampbell Units = ng/mL Analyst: L Black 

ETHYLBENZENE D-XYLENE m-XYLENE_ o-XYLENE 

102.01 
52.23 
50.00 
13.86 
ND 

11.52 
378.61 

6.10 
ND 

45.65 
36.57 
1.87 
2.12 
39.75 
10.06 
2.89 
16.54 
8.18 
ND 

11.27 
ND 
ND 
ND 

370.47 
637.12 
507.87 

BLQ 
BLQ 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

52.13 
50.00 

1568.85 
2.45 
0.59 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

10.62 
19.62 
19.31 

1455.23 
126.11 
70.41 
4.85 
ND 
ND 
ND 

101.63 

101.32 102.15 103.44 

47.13 46.51 50.31 

50.00 50.00 50.00 

9.84 23.74 17.74 

ND ND ND 

9.22 21.00 14.58 

255.13 559.53 273.67 

4.48 10.97 7.35 

ND BLQ ND 

31.01 15.59 9.18 

23.81 10.75 6.23 

1.53 3.45 2.45 

1.60 3.73 2.64 

10.14 8.37 5.07 

9.82 10.23 9.70 

2.37 5.77 3.90 

12.28 29.36 19.92 

6.20 14.56 9.44 

ND ND ND 

8.10 19.51, 13.23 

ND ND- ND 

ND ND ND 

ND ND ND 

471.31 1032.92 940.26 

584.69 1252.41 877.40 

502.29 513.55 508.78 

1.06 2.71 1.62 
1.96 ND ND 
ND ND ND 

ND ND ND 

BLQ BLQ BLQ 
ND ND ND 
ND /ND ND 
ND ND ND 
ND ND ND 

ND ND ND 

46.89 46.99 50.42 
50.00 50.00 50.00 

1184.67 3397.00 2157.05 
7.21 18.41 14.63 
3.57 6.93 6.97 
ND ND ND 
ND BLQ ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

10.43 10.37 10.45 
12.36 10.97 11.45 
12.52 11.04 11.50 

1146.72 3017.60 1868.31 
116.53 236.12 126.19 
90.26 6.65 1.64 
7.84 18.68 13.40 
ND ND ND 
ND ND ND 
ND BLQ BLQ 

100.70 99.51 100.71 

* Sample was analyzed after a very contaminated sample, therefore the concentrations reported may not represent the the true values. 

ND = None Detected; N/A = Not Analyzed; BLQ = Below Limit of Quantitäten, 1 ppb 



Ref:  95-MW62/vg 
95-CH14/vg 

June 27, 1995 

Dr. Don Kampbell 
R.S. Kerr Environmental Research Lab 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK  74820 

THRU:  S.A. Vandegrift^V 

Dear Don: 

Attached are the results of 46 field samples from Westover 
submitted to ManTech as part of S.R. #SF-1-133. The samples were 
received on May 22, 1995 and analyzed immediately. The methods 
used for analysis were EPA Method 350.1, 353.1, and Water's 
capillary electrophoresis Method N-601. Quality assurance measures 
performed on this set of samples included spikes, duplicates, known 
AQC samples and blanks. . 

If you have any questions concerning these results please feel 
free to contact us. 

Sincerely, 

Mark White 

Qi^al^aju^ 
Cherri Heard 

xc:  R.L. Cosby 
J.L. Seeley>& 
G.B. Smith f- 

ManTech Environmental Research Services Corporation 

R-S- Kerr Environmental Research Laboratory, P.O. Box 1198,919 Kerr Research Drive 
Ada,Oklahoma74821-1198 405-4&3660  FAX405-436-8501 



/ 

mg/1 mg/1 mg/1 mg/1 
Sample . - Cl" s^L_ NO\+NO"3(N) NH3(N) 

WETF-1 4.58 21.7 .99 .17 
WETF-1A 3.47 7.18 1.25 <.05 
WETF-1A Dup 3.50 7.16   —  

WETF-2 4.02 19.8 1.28 <.05 
WETF-2A 3.63 6.32 .07 4.12 
WETF-3 4.29 21.9 3.88 <.05 
WETF-4 4.13 35.8 2.64 <.05 
WETF-5 1.45 6.10 .35 1.58 
WETF-5 Dup     .35 1.57 
WETF-7 1.69 41.9 2.59 <.05 
WETF-8 2.60 51.6 1.79 <.05 
WETF-11 4.41 37.7 .07 3.11 
WETF-12 1.95 14.2 2.64 .14 
WETF-13 2.79 39.4 3.18 .17 
WETF-13 Dup 2.98 39.3 3.17 .18 
WETF-14 5.42 52.8 2.89 • .12 
WETF-15 1.97 35.7 2.29 ' .09 
WETF-16 1.66 16.4 2.01 <.05 
WECF-1 9.17 21.7 <.05 .11 
WECF-1A .52 7.16 <.05 <.05 
WECF-1A Dup .51 7.38    T 
WECF-2 1.1 13.2 <.05 .13 
WECF-2 Dup     <.05 .14 
WECF-2A .67 <.5 .22 6.55 
WECF-3 1.93 1.43 <.05 3.17 
WECF-4 <.5 6.14 <.05 <.05 
WECF-5 1.07 24.6 .34 .20 
WECF-5 Dup 1.07 25.2     

WECF-6 2.72 9.44 .07 .32 
WECF-6A 9.42 11.3 <.05 .16 
WECF-8 .79 3.55 .53 <.05 
WEMP-1D 3.03 <.5 5.77 .07 
WEMP-1D Dup     5.73 .07 
WEMP-1S 1.19 6.52 3.87 <.05 
WEMP-2S 1.39 13.9 5.60 <.05 
WEMP-3S 1.17 8.07 2.46 <.05 
WEMP-4S 8.06 2.41 <.05 4.72 
WEMP-5D 8.38 2.28 <.05 .38 
WEMP-5D Dup 8.47 2.27     

WEMP-5S 4.21 1.46 .06 .21 
WEMP-6S 1.45 10.9 1.19 <.05 
WEMP-6S Dup     1.18 <.05 
WEMP-7S 1.11 6.37 .33 <.Ö5 
WEMP-8S 1.30 8.56 1.84 .06 
WEMP-8M 1.23 3.46 1.71 .18 
WEMP-9S .94 7.91 3.99 <.05 
WEMP-10S • 1.30 8.57 .12 <.05 
WEMP-11S 1.77 6.60 <.05 15.5 
WEMP-11S Dup     <.05 13.8 
WEMP-12S 1.10 <.5 <.05 5.87 
WEMP-14D 150 .86 .09 6.11 



Ref:  95-TL23/vg 

June 28, 1995 

Dr. Don Kampbell 
R.S. Kerr Environmental Research Lab 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK  74820 

THRU:  S.A. Vandegrift^ 

Dear Don: — • ; 

Attached are TC, TOC, and TIC results for a set of 46 liquid 
samples received by MERSC May 22, 1995 under Service Request #SF-1- 
133. Determinations were begun June 5, 1995 and completed June 27, 
1995 using RSKSOP-102. 

A known AQC sample was analyzed with your samples for quality 
control. If you have any questions concerning these results please 
feel free to contact me. 

Sincerely, 

^^^aZsi^r\j 
Teresa Leon 

xc: R.L. Cosby n 
J.L. Seeley->v£ 
G.B.   Smith     */ 

ManTech Environmental Research Services Corporation 

R.S. Kerr Environmental Research Laboratory, RO. Box 1198,919 Kerr Research Drive 
Ada,Oldanorna74821-1198  405-436-8660  FAX405-436-8501     . 
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Ref:  95-MB7/vg 

May 31, 1995 

Dr. Don Kampbell 
R.S. Kerr Environmental Research Lab 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK  74820 

THRU:  S.A. Vandegrift <£W* 

Dear Don: 

As per Service Request #SFTA-l-56, analysis was completed on 
46 water samples from Westover AFB, MA. I performed analysis on- 
site for pH, specific conductance (juS/cm) , phenolphthalein 
alkalinity (ppm as CaC03) , total alkalinity (ppm as CaC03) , and 
redox potential (mV) . The analysis began May 17, 1995 and was 
completed May 19, 1995. Please find attached the data compiled 
from my lab book. Other data from the site was tabulated for your 
convenience. 

If you have any questions, please contact me at your 
convenience. 

Sincerely, 

Mark Blankenship 

xc: R.L. Cosby n 
J.L. Seeley *jrL 
G.B. Smith ()? 

ManTech Environmental Research Services Corporation 

R.S. Kerr Environmental Research Laboratory, P.O. Box 1198,919 Kerr Research Drive 
Ada, Oklahoma 74821-1198  405-436-8660  FAX 405-436-8501 



Westover AFB 051795 filename=051795.wk1 range=A1.K55 

sample DH spec. cond. pheno alk   total alk. redox phenols soluble Fe HS CO, 
(ppm) 

Mn 

(uS/cm) (ppm) (ppm) (mV) (ppm) (ppm) (ppm) (ppm) 

WECF-1 6.8 240 15 40 168.1 '<0.1 5.5 •<0.1 1.25 •<0.1 

WECF-1A 5 28.3 •<0.1 5 195.2 •<0.1 •<0.1 •<0.1 7.5 *<0.1 

WECF-2 5 77.7 •<0.1 35 13.2 •<0.1 4.5 '<0.1 14 '<0.1 

WECF-2A 6.4 501 •<0.1 240 -3.2 3 '<0.1 75 '<0.1 

WECF-3 5.5 118.8 •<0.1 35 46.1 ***** 10 2 100 '<0.1 

WECF-4 5.5 35.3 '<0.1 15 -5 ***** •<0.1 '<0.1 15 *<0.1 

WECF-5 5.2 87.9 •<0.1 10 184.7 *<0.1 5.5 '<0.1 30 '<0.1 

WECF-6 5 87 •<0.1 35 19.4 •<0.1 8 •<0.1 18.75 0.2 

WECF-6A 5 98.4 •<0.1 20 126.1 •<0.1 6.5 '<0.1 33 '<0.1 

WECF-8 5 43.8 '<0.1 15 150.5 '<0.1 1.5 '<0.1 40 '<0.1 

WEMP-1D 5.2 96.3 '<0.1 10 170 •<0.1 1 •<0.1 25 0.8 

WEMP-1S 5.1 80.4 •<0.1 5 187.1 ***** 1 '<0.1 15 '<0.1 

WEMP-2S 5.3 145.9 ■<0.1 20 160.8 0.4 '<0.1 25 '<0.1 

WEMP-3S 5.4 67.5 "<0.1 10 177.8 '<0.1 *<0.1 •<0.1 20 '<0.1 

WEMP-4S 6.4 423 •<0.1 180 -18 100 •<0.1 200 *<0.1 

WEMP-5D 5 89.4 •<0.1 30 115.7 '<0.1 9 '<0.1 60 '<0.1 

WEMP-5S 5 30.4 •<0.1 20 113.4 •<0.1 5.5 •<0.1 25 •<0.1 

WEMP-6S 4.9 56.5 •<0.1 '<0.1 165 *<0.1 0.2 •<0.1 40 "<0.1 

WEMP-7S 6.1 26.9 •<0.1 5 249.5 '<0.1 0.2 '<0.1 20 '<0.1 

WEMP-8M 5.8 90.4 •<0.1 25 129.7 •<0.1 3.5 "<0.1 50 '<0.1 

WEMP-8S 4.9 86.5 "<0.1 10 170 '<0.1 1.5 '<0.1 25 '<0.1 

WEMP-9S 4.6 76.3 •<0.1 5 200.5 •<0.1 0.2 '<0.1 40 '<0.1 

WEMP-10S 5.5 55.1 •<0.' 15 89 ***** 2.5 •<0.1 15 '<0.1 

WEMP-11S 6 392 •<0.' 200 -32.8 ***** 9 •<0.1 55 •<0.1 

WEMP-12S 5.7 138.1 '<0.' 45 68.4 ***** 20 "<0.1 100 '<0.1 

WEMP-14D 6 842 '<0.' 260 -105.1 10 280 •<0.1 250 ■<0.1 

WEMP-14 6 832 •<o.- 260 -45.5 10 280 '<0.1 275 '<0.1 

WEMP-15D 5.4 132.9 •<o.- 10 77.2 '<0.1 9 '<0.1 60 '<0.1 

WEMP-15 5 73.9 •<o. I               25 35 '<0.1 7.5 '<0.1 40 '<0.1 

WEMP-15S 5.4 155.5 '<0.' I               50 39.2 •<0.1 9 '<0.1 50 "<0.1 

WEMP-16D 5 68.2 •<o. I               25 59.9 '<0.1 8 '<0.1 30 *<0.1 

WETF-1 5.5 127.5 "<0. I               35 60.5 '<0.1 2.5 0.7 15 '<0.1 

WETF-1A 5.5 78.7 •<o. I               20 42.1 '<0.1 "<0.1 0.7 20 •<0.1 

WETF-2 5.4 143:6 ■<o. 1               50 210.8 ***** •<0.1 0.5 20 ■<0.1 

WETF-2A 6.6 552 ■<o. 1             300 -39.8 ***** 600 •<0.1 275 "<0.1 

WETF-3 5.9 296 *<0. 1               85 197.4 •<0.1 '<0.1 0.7 55 *<0.1 

WETF-4 5.5 235 •<o. 1               70 196.3 •<o.i '<0.1 0.5 90 '<0.1 

WETF-5 6 281 •<o. 1             140 26.7 ***** 25 '<0.1 150 0.4 

WETF-7 5.7 339 •<o. 1             120 138.6 ***** '<0.1 •<0.1 40 *<0.1 

WETF-8 6.1 510 •<o. 1             160 105.3 ***** *<0.1 "<0.1 45 '<0.1 

WETF-11 7.2 697 ■<o. 1             320 -33 ***** 1 0.5 175 0.5 

WETF-12** 5.5 228 •<o. 1               50 175.3 ***** •<0.1 1 65 "<0.1 

WETF-13** 5.3 394 •<o. 1               90 170.2 ***** "<0.1 0.7 100 •<0.1 

WETF-14 6.2 586 ■<o. 1             240 35.8 ***** '<0.1 0.5 100 '<0.1 

WETF-15 5.6 297 •<o. 1               55 62.9 ***** "<0.1 •<0.1 100 •<0.1 

WETF-16 5.8 123.1 •<o. 1             320 -33 ***** ■<0.1 0.3 25 0.3 

' = ran out of ampoules and could not perform analysis 
WETF-12** = very muddy sample 
WETF-13** = very muddy sample 



TECHmfünm 
Ref: 96-LP86/vg 

96-MW8l/vg 
96-TH48/vg 

July 24, 1996 

Dr.   Don Kampbell 
National Risk Management Research Laboratory 
Subsurface Protection & Remediation Division 
U.S.   Environmental Protection Agency 
P.O.   Box 1198 
Ada,   OK     74820 

THRU:     S.A.  Vandegrift^ V 

Dear Don: 

Attached are the results of 36 Westover AFB samples 
submitted to MERSC as part of Service Request #SF-2-223.  The 
samples were received July 18 and 22, 1996 and analyzed 
immediately.  The methods used for analysis were EPA Methods 
353.1 for N02 and N03, and 350.1 for NH3 and Waters capillary 
electrophoresis Method N-601 for Cl and S04.  Quality assurance 
measures performed on this set of samples included spikes, 
duplicates, known AQC samples and blanks. 

If you have any questions concerning these results, please 
feel free to contact us. 

Sincerely* 

liynda Pennington 
T?~n 

Mark White 

Tim Hens ley y^ 

xc:  R.L. Cosby 
G.B. Smith  J^/ 
J.L. SeeleyS^ 
J.T. Wilson 

ManTech Environmental Research Services Corporation 

• RS. Kerr Environmental Research laboratory, P.O. Box 1198,919 Research Drive 
Ada, Oklahoma 74821-1189    405-436-8660   FAX 405-436-8501 



Samples Received July 18, 1996 

mg/L mg/L mg/L mg/L 

fiatnpl *» cr SQA1 NQIj+NO-alNl _NH3_ 

WETF-1A 3.87 9.83 1.62 0.17 

WEFT-1 8.03 29.0 0.52 <.05 

WETF-4 5.88 210 6.67 <.05 

WETF-3 3.16 33.3 3.02 <.05 

WETF-12 2.96 18.5 1.98 <.05 

WETF-13 3.11 44.7 2.52 <.05 

WETF-13 Dup 3.46 44.9     

WETF-14 6.14 436 7.31 <.05 

WETF-5 2.98 58.0 1.86 0.20 

WEMP-1S 1.40 5.55 1.86 <.05 

WEMP-1D 2.46 <.5 5.57 <.05 

WEMP-1D Dup     5.59 <.05 

WECF-8 .91 4.70 0.45 0.14 

WEMP-8M 1.57 10.7 2.61 <.05 

WEMP-16D 1.82 3.96 <.05 0.26 

WEMP-5M 6.10 2.45 <-05 0.28 

WEMP-14M 84.6 11.1 <.05 5.21 

WEMP-14M Dup 84.1 10.6     

WEMP-14D 131 <.5 0.09 4.18 

WEMP-14D Dup     0.11 4.17 

Blank <.5 <.5 <.05 <.05 
AQC 56.0 52.4 0.37 1.41 
AQC 56.3 52.5 0.39 1.40 
Spike Rec. 101% 98% 101% 102% 

Samples Received July 22, 1996 

WECF-2 <.5 10.6 <.05 .28 
WECF-2A <.5 <.5 .10 4.49 
WECF-3 <.5 <.5 <.05 2.81 
WECF-5 <.5 16.6 .41 <.05 
WECF-6 5.93 4.21 <.05 .53 
WECF-6A <.5 13.3 1.45 <.05 
WECF-6A Dup <.5 13.5     

WEFT-2 2.29 16.4 1.32 <.05 
WEFT-2A 3.47 208 <.05 1.54 
WEFT-7 <.5 61.1 2.42 <.05 
WEFT-8 <.5 73.6 1.90 <.05 



mg/L mg/L mg/L mg/L 
Sainpl ft ci- SQ«! NQIj+NO-jjÜÜ. _NH3_ 

WEFT-8  Dup _ _ —   1.92 <.05 
WEFT-11 3.94 224 1.32 1.63 
WEFT-15 1.58 38.7 .95 <.05 
WEFT-16 1.60 4.15 .61 <.05 
WEMP-4S 1.57 <.5 <.05 4.81 
WEMP-10S 1.31 7.88 .75 <.05 
WEMP-11S .76 76.7 .64 3.93 
WEMP-12S 1.48 <.5 <.05 5.17 
WEMP-12S  Dup 1.51 <.5 <.05 5.13 
WEMP-15D 9.75 3.83 <.05 .32 
WEMP-15M 3.33 <-5 <.05 .18 
WEMP-15S 1.59 3.16 2.73 <.05 

Blank <.5 <.5 <.05 <.05 
AQC 55.5 52.0 .39 1.50 
True Value 55.9 52.0 .39 1.40 
Spike Rec. 102% 101% 101% 102% 



TECHmKstm 

Ref:     96-DF46 

Aug.   2,   1996 

Dr. Don Kampbell 
National Risk Management Research Laboratory 
Subsurface Protection and Remediation Division 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK 74820 

THRU:  S.A. Vandegrift $V 

Dear Don: 

As requested in Service Request SF-2-223, GC/MS analysis for 
phenols and aliphatic/aromatic acids was done on three water 
samples taken at Westover AFB.  These samples were labeled: 
WEMP-14M, WEMP-14D and WEFT-2A.  Derivatization of the samples 
was done by Amy Zhao on July 22, 1996. The extract was analyzed 
by GC/MS on July 28, 1996.  RSKERL SOP 177 was used for the 
extraction, derivatization and GC/MS analysis of the samples. 

Table I provides the concentrations of the phenols and 
aliphatic/aromatic acids found in the water samples from Westover 
AFB. Derivative and extraction blanks, an extraction recovery 
and a 100 ppb check standard are also included in the table. 

Chromatograms of the three samples are provided to show 
additional information not evident from the quantisation report. 
Each chromatogram shows evidence of C8 aliphatic acids. These 
acids were most abundant in sample WEMP-14D. Cj,  C9  and C10 
aliphatic acids were also found in this sample. 

If you should have any questions, please feel free to 
contact me. 

Sincerely, ~ 

xc: J. Wilson 
J. Seeley 
G. Smith 
R. Cosby 
D. Fine 

f 
ManTech Environmental Research Services Corporation 

R.S. Kerr Environmental Research laboratory, P.O. Box 1198,919 Research Drive 
Ada, Oklahoma 74821-1189   405-436-8660    FAX 405-436-8501 



MAMMümW 
TECHmKsvm 

Ref:  96-NV138/vg 

August 7, 1996 

Dr. Don Kampbell 
National Risk Management Research Laboratory- 
Subsurface Protection & Remediation Division 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK  74820 

THRU:  J.L. Seeley^£ 

Dear Don: 

Attached is the metal analysis report (4535.LST) for six 
samples (Westover AFB) submitted to MERSC as part of Service 
Request #65 under EPA Contract #68-C3-0322.  The samples were 
received on July 24, 1996 and analyzed July 29 and 31, 1996.  The 
samples did not receive any further treatment and they were 
analyzed using the ICAP system.  Lead was determined using GF-AAS 
and results are in report PB60731-Lis;l.  SOP for the ICP and 
sample calculations were according to the procedure and 
instructions provided by Mr. Don Clark. 

If you have any questions, please feel free to contact me. 

Sincerely, 

Nohora Vela 

xc:  R.L. Cosby 
R. Puls 
J.T. Wilson 

ManTech Environmental Research Services Corporation 

R.S. Kerr Environmental Research Laboratory, P.O. Box 1198,919 Research Drive 
Ada, Oklahoma 74821-1189    405-436-8660    FAX 405-436-8501 
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MAMmmm 
TECHmmW 

Ref:  96\LB59 

August 12, 1996 

; Dr. Don Kampbell 
National Risk Management Research Laboratory 
Subsurface Protection and Remediation Division 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK 74820 

THRU:  S.A. Vandegrift<V 

Dear Don: 

Please find attached the analytical results for Service 
Request SF-2-223 requesting the analysis of Westover AFB 
groundwater samples to be analyzed by purge-and-trap/GC-FID:PID for 
Benzene, Toluene, Ethylbenzene, p-, m-, & o-Xylene, 1,3,5-, 1,2,4-, 
& 1,2,3-Trimethylbenzene, and Total Fuel Carbon. We obtained your 
36 groundwater samples, most in duplicate, in capped, 40 mL VOA 
autosampler vials on July 22, 1996, and they were analyzed on July 
24-25, 1996. All samples were acquired and processed using the 
Millennium data system. A 5 place (1-1000 ppb) external standard 
curve was used to quantitate the samples for the compounds of 
interest. 

RSKSOP-133, "Simultaneous Analysis of Aromatics and Total Fuel 
Carbon by Dual Column-Dual Detector for Ground Water Samples" was 
used for these analyses. Autosampling was performed using a 
Dynatech Precision autosampler system in line with a Tekmar LSC 
2000 concentrator. 

Sincerely, 

Lisa R. Black 

xc:  R.L. Cosby 
G.B. Smith 
J.T. Wilson 
J.L. Seeley 

ManTech Environmental Research Services Corporation 

R.S. Kerr Environmental Research Laboratory, P.O. Box 1198,919 Research Drive 
Ada, Oklahoma 74821-1189    405-436-8660    FAX 405-436-8501 
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Ref:  96-SH83/vg 

August 13, 1996 

Dr. Don Kampbell 
National Risk Management Research Laboratory- 
Subsurface Protection & Remediation Division 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK  74820 

THRU:  S.A. Vandegrift< 

Dear Don: 

V 

Attached are TOC results for 38 Westover liquids submitted 
August 8, 1996 under Service Request #SF-2-223.  Sample analysis 
was begun August 8 and completed August 12, 1996 using RSKSOP- 
102. 

Blanks, duplicates, and AQC samples were analyzed along with 
your samples, as appropriate, for quality control.  If you have 
any questions concerning this data, please feel free to ask me. 

Sincerely, 

Sharon Highto' 

xc:  R.L. Cosby 
G.B. Smith 
J.L. Seeley JL 
J.T. Wilson V 

ManTech Environmental Research Services Corporation 

R.S. Kerr Environmental Research Laboratory, P.O. Box 1198,919 Research Drive 
Ada, Oklahoma 74821-1189    405-436-8660    FAX 405-436-8501 



KAMPBELL WESTOVER LIQUIDS SF-2-223 

SAMPLE MG/L TOC 

WECF-2 .282 
WECF-2A 40.0 
WECF-3 24.7 
WECF-5 4.43 
WECF-6 2.89 
WECF-6A 2.87 
WECF-8 9.20 
WEFT-1 4.91 
WEFT-1A .409 
WEFT-2 8.72 
WEFT-2 DUP 8.93 
WEFT-2A 16.8 
WEFT-3 4.62 
WEFT-4 2.61 
WEFT-5 2.55 
WEFT-7 1.78 
WEFT-8 3.37 
WEFT-11 5.80 
WEFT-11S 11.7 
WEFT-12 •     1.78 
WEFT-13 2.16 
WEFT-14 5.33 
WEFT-15 4.79 
WEFT-16 .997 
WEMP-10 .373 
WEMP-10 DUP   .409 
WEMP-15D 3.31 
WEMP-15M 1.15 
WEMP-15S 1.52 
WEMP-1S 1.08 
WEMP-5M 2.72 
WEMP-8M 1.31 
WEMP-14D 77.4 
WEMP-14M,REP 1 28.5 
WEMP-14M,REP 2 29.3 
WEMP-16D 3.18 
WEMP-4S 42.6 
WEMP-1S 3.80 
WEMP-12S 61.8 
WEMP-12S DUP  61.5 
WP035-II 39.6 

WP035-II STD t.v.=40.1 



TECHmm. 
Ref:  96JAD44 

August 14, 1996 

Dr.  Don Kampbell 
National Risk Management Research Laboratory 
Subsurface Protection and Remediation Division 
U.S. Environmental Protection Agency 
P.O. Box 1198 
Ada, OK 74820 

THRU: S.A. Vandegrift^\J 

Dear Don: 

As requested in Service Request # SF-2-223, headspace GC/MS ., 
analysis of 36 Westover water samples for chlorinated volatile 
organics was completed. The samples were received on July 22, 1996 
and analyzed on August 9-10, 1996. RSKSOP-148 (Determination of 
Volatile Organic Compounds in Water by Automated Headspace Gas 
Chromatography/Mass Spectrometry (Saturn II Ion Trap Detector) was 
used for this analysis. 

An internal standard calibration method was established for 
the 12 compounds. The standard curves were prepared from 1.0 to 
4000 ppb.  The lower calibration limits were 1.0 ppb. 

A quantitation report for the samples, lab duplicates, field 
duplicates, QC standards and lab blanks is presented in table 1. 

If you should have any questions, please feel free to contact 
me. 

Sincerely, cerely,,   . f) 

,A.i 

John Allen Daniel 

xc: R.L. Cosby 
G.B. Smith a 
D.D. Fine 'XS 
J.L. Seeley J 

J.T. Wilson 

ManTech Environmental Research Services Corporation 

R.S. Kerr Environmental Research Laboratory, P.O. Box 1198,919 Research Drive 
Ada, Oklahoma 74821-1189    405-436-8660    FAX 405-436-8501 
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WESTOVER AIR FORCE BASE 
FIELD DATA 

Sample Date Redox 
mv 

pH 
Units 

Cond Carbon 
Dioxide 
mg/l 

Total 
Alkalinity 
mg/l 
CaCo3 

Ferrous 
Iron 
mg/l 

Hydrogen 
Sulfide 
mg/l 

WEFT-1A 7-16-96 300 6.3 105 80 33 <.05 

WEFT-1 7-16-96 205 6.6 145 62 27 <.05 

WE FT-4 7-16-96 272 6.6 551 84 50 <05 

WEFT-3 7-16-96 281 6.6 200 34 40 <.05 

WEFT-12 7-16-96 288 6.3 109 70 30 <.05 

WEFT-13 7-16-96 278 6.4 201 140 43 <.05 ) 

WEFT-14 7-16-96 281 6.7 910 48 57 <05 

WEFT-5 7-16-96 184 6.0 185 76 20 1.5 

WEMP-1S 7-17-96 249 4.9 43 40 8 <.05 

WEMP-1D 7-17-96 227 5.2 70 108 6 .3 

WECF-8 7-17-96 212 5.3 43 96 13 1.5 

WEMP-8M 7-17-96 240 4.7 74 134 5 <.05 

WEMP-16D 7-17-96 175 5.6 64 51 32 5.6 

WEMP-5M 7-17-96 125 5.6 81 152 29 5.3 

WE MP-14M 7-17-96 -90 6.3 657 184 40.5 <.l 

WEMP-14D 7-17-96 -125 6.7 839 238 45.3 <.l 

WeMP-15D 7-17-96 75 5.9 104 142 24 6.2 

WEMP-15S 7-17-96 170 56 59 82 28 <.05 

WEMP-15M 7-17-96 120 5.9 58 142 24 2.1 

WEFT-7 7-17-96 150 6.1 255 158 126 <.05 

WEFT-8 7-17-96 128 6.5 305 84 134 <.05 

WEFT 16 7-17-96 148 6.2 53 148 64 <.05 

WEFT-11 7-17-96 94 6.4 503 176 54 3.1 



WESTOVER AIR FORCE BASE 
FIELD DATA 

Sample Date Redox 
mv 

pH 
Units 

Cond Carbon 
Dioxide 

Total 
Alkalinity 
mg/1 
CaCo3 

Ferrous 
Iron 
mg/1 

Hydrogen 
Sulfide 
mg/1 

WE MP-IOS 7-18-96 280 5.0 33 142 6 <.05 

WEMP-115 7-18-96 137 6.1 318 180 72 3.0 

WEFT-1S 7-18-96 250 6.0 208 240 45 <.05 

WEMP-12S 7-18-96 90 5.4 96 154 31 7.0 

WEFT-2 7-18-96 250 6.3 151 66 64 <.05 

WEMP-45 7-18-96 -40 6.2 418 205 37.3 ■i 

WEFT-2A 7-18-96 -159 6.0 625 57 23.5 

WECF-S 7-18-96 274 5.0 62 130 4 .4 

WECF-2 7-18-96 -66 6.5 77 144 16 4.7 <.l 

WECF-3 7-18-96 -185 5.9 111 252 45 5.4 <.3 

WFCF6 7-18-96 -45 6.4 138 160 54 8.9 

WF CF-6A 7-18-96 135 5.4 68 138 6 <.05 

WF CF-2A 7-18-96 -125 6.3 440 263 212 3.8 



11-27-1996 2:21PM FROM APAB /BPAB 405 436 8703 P. 2 

TECHmmm 

Ref:     96-JH76/vg 

August 19,   1996 

Dr.  Don Kampbell 
National Risk Management Research Laboratory 
Subsurface Protection & Remediation Division 
U.S.  Environmental Protection Agency 
P.O.  Box 1198 
Ada,   OK    74820 

£\J THRU:     S.A.  Vandegrifb 

Dear Don: 

Find attached results for methane and ethylene on samples 
received July 18 and 22, 1996 from Westover under Service Request 
#SF-2-223.  Samples were prepared and calculations done as per 
RSKSOP-175.  Analyses were performed as per RSKSOP-147. 

If'you have any questions concerning this data, please feel 
free to contact me. 

Sincerely, 

Jeff Hickerson 

xc:  R.L. Cosby 
G.B. Smith 
J.L. Seeley 
J.T. Wilson 

■*& 

MariTech Environmental Research Services Corporation 

&S. Serr Environmental Research laboratory, P.O. Box 1198,919 Research Drive 
Ada, Oklahoma 74821-1189    4054&8660    FAX 405-436-8501 



11-27-1936 2:22PM FROM APAB /BPAB 405 436 8703 P-3 

S# SF-2-223 
WESTOVER 

ANALYSIS PRFORMED 8-7-96 
SAMPLE !    METHANE ETHYLENE 

LAB BLANK BLQ ND 
WECF-8 0.007 ND 
WEFT-1 BLQ ND 
WEFT-1A BLQ NO 
" RELDDUP BLQ ND 
WEFT-3 BLQ ND 
WEFT-4 BLQ ND 
WEFT-5 BLQ ND 
" LAB DUP BLQ ND 

ANALYSIS PRFORMED 8-8-96 
SAMPLE !    METHANE ETHYLENE 

LAB BLANK BLQ ND 
WEFT-12 BLQ ND 
WEFT-13        ! BLQ ND 
WEFT-14 BLQ ND 
WEMP-1D BLQ ND 
"LAB DUP BLQ ND 
WEMP-1S BLQ ND 
WEMP-5M 1.54 ND 
WEMP-8M BLQ ND 
WEMP-14D 14.63 BLQ 
WEMP-14M 8.79 ND 
"FIELD DUP 8.70 ND 
WEMP-16D     ' 0.007 ND 
WEMP-4S      '! 0.237 0.008 
WEMP-10S BLQ ND 
WEMP-12S 0.073 BLQ 
WEMP-15D 0.129 ND 
" LAB DUP 0.122 ND 

ANALYSIS PRFORMED 8-9-96 
SAMPLE METHANE ETHYLENE 

LAB BLANK BLQ ND 
BLANK LABEL 0.003 ND 
WEMP-15M 0.021 ND 
WEMP-15S BLQ ND 
WECF-2 BLQ ND 
" FIELD DUP BLQ ND 
WECF-2A 0.557 ND 
WECF-3 0.028 ND 
WECF-5 0.008 ND 
WECF-6 0.874 ND 
WECF-6A BLQ ND 
" LAB DUP BLQ ND 

Pagel 



11-27-1996 2-.22PM FROM APAB /BPAB 405 436 8703 P. A 

S#SF-2-223 
WESTOVER 

ANALYSIS PRFORMED 8-12-96 
SAMPLE METHANE ETHYLENE 

LAB BLANK BLQ ND 
WEFT-2 BLQ ND 
WEFT-2A 0.006 ND 
WEFT-7 BLQ ND 
WEFT-8 BLQ ND 
" LAB DUP BLQ ND 
WEFT-11 BLQ ND 
WEFT-11S 0.288 ND 
WEFT-15 BLQ ND 
- FIELD DUP BLQ ND 
WEFT-16 BLQ ND 
10PPMCH4 9.59 NA 
100PPMCH4 99.97 NA 
1000 PPM CH4 999.82 NA 
1% CH4 1.03 NA 
10% CH4 10.00 NA 
20% CH4 20.28 NA 
10PPMC2H4 NA 10.16 
100PPMC2H4 NA 99.98 

LIMIT OF QUANTITATION. 
METHANE ETHYLENE 

0.001 0.003 

SAMPLE UNITS ARE mg/L. 
STANDARDS UNITS CORRESPOND 
TO THE SAMPLE COLUMN. 

BLQ DENOTES BELOW LIMIT OF QUANTITATION. 
ND DENOTES NONE DETECTED. 
NA DENOTES NOT ANALYZED. 

Page 2 



APPENDIX C 

ANALYTICAL MODEL OUTPUT 

022/722450/WESTOVER/17.WW6 



APPENDIX C-l 

ANALYTICAL MODEL-DECAY 1% 

022/722450/WESTOVER/17.WW6 



TRANSIENT SOLUTION TO THE ADVECTIVE-DISPERSIVE EQUATION FOR 
ONE-DIMEMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (2.82 
mg/1 SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC 
DECAY, VARIABLE TIME, CONSTANT LOCATION) 

Hydrogeologie Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity (EPRL 1985) 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.0S-2- 
day 

i:=0.01-5 
ft 

ne:=0.2 

n:=0.35 

ax:-15m 

c,:=2.82-51- 
8 liter 

0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

\: =0.0034-?- 
day 

a: =0.0000274- 
day 

gm 
Koc:=79Et 

P„:=1.65.JEL 

f „. :=0.000001 

R:=U 
PbKoofoc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) -KI vx = 0.052--5L 
day 

Contaminant velocity vc = 0.052 ,_m_ 

day 

Longitudinal dispersion coefficient Dx = 8.477 •*- 
day 
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35 Meters from the Source Area (Base Boundary) 

' Initial Plume Distribution Calculation 

year:=365-day    i :=1.. 365 

it :=500day 

x :-35-m 

t- :=At-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Geriuchten and Alves, 1982) 

Cj-Co-exp^X-tj) l_i.  l_erf. 
fR-x-vx.tj\\       vx-tj 

+ C s-exp^-a-tj) 

2^ [l-fix^ijl    \»Dx- 
•exp 

(R-x-vx-tj) 

4.DxRtj 
AiÄ^W^VMta+v* 

2\       Dx     DxR/       \D 

L   4DXR„    X 

vx+vx-    1+ j-{X~a) 

exp 

,   4DXR , 
{_vx.   1+ |-(X-o) 

2-D, 
1-erf 

Rx-t 

\2^ ■Rt 

J,    4-Dx-R   , 
1+ |~tt-a> 

vx 

2-^DxRti 

.   4DXR , 
vx-vx-   1+ i~a-a) 

exp 

,     4-D.R   , 
vx+vx-   1+ ±-a-a) 

2D, 

2-Dx-R(X-a) 
exp -a-a)-t. 1-erfl 

l-erf 

R-x+t.-vx- 
,     4-DxR   , 1+ l—CX-a) 

2 

2- fx^ 

Dissolved BTEX Concentration (mg/L) versus Time (years) 

0.4 

Vlitcr/ 0.2 

\ 

\ 

100 200 

year 

300 

Dissolved BTEX Concentration (mg/L) versus Time (years) 

0.01 

\ 

/mg\ 0-005 
\liter/ 

^ 

300 350 400 

t. 
 i_ 

year 

450 500 
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114 Meters from the Source Area (Monitoring Well TF-8) 

Initial Plume Distribution Calculation 

year :=365-day    i :=1.. 365 

At :=500day 

x:=114.. 

tj: =At-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj :=C o-exp^X-tj) i-i|i-rffc^-P^U 

+ Cs-exp(-a-t^ 

2\        [zfi^Jj   \"-Dx^ 4.Dx.Rtj 
+i Iä^ UM/i-J—*^ 

2 \       Dx     Dx-R/       \Dx 

L   4DX.R 
vx+vx-    1+ |-(*-«> 

exp 

L     4-DxR   , 
vx-vx-   1+ |-tt-«> 

2-D, 
1-erf 

R-x-t- 

^2-^RTJ 

,   4DXR , 
vx-   1+ =—<*-«> 

l-fix^i 

L   4DX-R„    „ 
vx-vx- i+—^-a-<*) 

2-DxR(X-a) 

exp 

J,     4-DxR   , 
1+ S-<X-a) 

■exp 
V v *■ 
-25 (X-a)t • 1-erf 

2D, 

Rx+vx.tjl 

\
2
V

D
X-

R
-V 

1-erf 

,     4-DxR   , 
R-X4-Vvx-   1+ i_.(X-a) 

2-^BTR^ 

Dissolved BTEX Concentration (mg/L) versus Time (years) 

0.02 

\Uter/ 

0.01 

100 200 

Ji_ 
year 

300 

Dissolved BTEX Concentration (mg/L) versus Time (years) 

0.01 

ci 
/mg\ 0-005 
lliter/ 

100 110 120 130 140 150 

year 
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150 Meters from the Source Area 

Initial Plume Distribution Calculation 

year :=365-day    i :=1.. 365 

At :=500 day 

:=150i 

t. :=At-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Gemachten and Alves, 1982) 

Cj:=C0exp(-Uj). 1_±. 1-erf. 
/R-X-V--t; \\ / Vx   -t; 

+ C s-oq>(-a-tj). 

2^        [ifix^JI   \*D*R, 
•exp 

4.DxRtj ^ •^^K^"-1 

„t.J,ÄM 
exp 

L     4-D--R   , 
1+ |~tt-a> 

2D, 
1-erf 

Rx-tj. 

2^/D^RTJ 

,   4DXR , vx.   1+ |-(i-a) 

Z-^Dx-Rti 

4-D-R 
vx-vx-   l+- a-a.) 

2-DxR(X-o) 

exp 

.     4-D--R   , 

2D, 
1-erf 

Rx-l-tjVx- 1+ 1— (X-a) 
2 

2- fx^i 

exp -J5—(X-a)t. 
Dx ' 

•1-erf 

Dissolved BTEX Concentration (mg/L) versus Time (years) 

 i_ 

year 

100 

Dissolved BTEX Concentration (mg/L) versus Time (years) 

Ci 

0.004 

\ 0.002 1 
100 200 300 

year 

c:\protocol\append-d\equations\lDDTAlCD 



TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (2.82 mg/1 
SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 
CONSTANT TIME, VARIABLE LOCATION) 

Hydrogeologie Data 

Hydraulic conductivtiy r:=1.05JL 
day 

Hydraulic gradient I-0.01-* 
ft 

Effective porosity ne:=0.2 

Total porosity n:=0.35 

Longitudinal dispersivity ax:=15-m 

Concentration of Injected Contaminant c.:=2.82.-£S. 
S              liter 

Initial Dissolved Contaminant Concentration co:=0.016~5S- 
0                 liter 

Retardation Coefficient Calculation 

Solute Decay Rate X: =0.0034- -L 
day 

Source Decay Rate a: =0.0000274- 
day 

Soil sorption coefficient (EPA, 1990) Koc:=79.!2t i mL 

gm 

Bulk density (Freeze and Cherry, 1979) Pb:=1.6SJ5L 
cm 

Organic carbon content ^=0.000001 

Retardation coefficient R:=1 + 
P bK ocf oc R = 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) ._KI v. = 0.052«J=- 
* day 

Contaminant velocity vc = 0.052'-m_ 
day 

Longitudinal dispersion coefficient Dx:-axvx Dx = 8.477«^ 
day 
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5.5 Years Ago (1989-1995) 
^Initial Plume Distribution Calculation 

j:=0..400 

Ax :=l-m 

t:=2000day 

xj :=Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

c.:=c0-«p(-X-t)- l-lfl-erf&-V^   '^ 

+ Csexp(-at). 

2 \       \2.«]D^t]l   \*Dx-R 
■exp (R-Xi-V^) 

4-DxRt Dx      DXR ^^^■-mhm 

vx+v: 1+ 5_.(X-a) 
2 

■exp 

4DXR 
vx-vx- ii+^pa-«> 

2D, 
1-erf 

Rx.-t- 
,     4-DxR   , 

vx.   1+ |_-(X-a) 

2-^/Dx-R-t 

,     4-D--R   , 
c-vx-   1+ *-•(*•-<*) 

2DxR(X-a) 

exp 

,     4-D»-R   , 
vx+vx-   1+ ^—(X-a) 

2D, 

•exp 
rxÄi I_(X-a)-t 

l-erf 

,     4-D-R   , 
Rx.+tvx-   1+ i—(X-a) 

2vy/D**t 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

2 

\ 
/mg\l 
\liter/ 

10 20 30 40 50 

5 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

/mg\ 
\titer/ 0. 

\ 0.04 

\ 

0.02 

30 100 

a 
150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

\ 0.4 

Vliter/ 0.2 

\ 

20 40 60 80 100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

/mg\ 0.005 

\liter/ 

\ 0.0 \ 

100 120 140 160 180 200 

a 
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2 Years From Present (1989-1997) 
.Initial Plume Distribution Calculation 

j:=0..400 t:=2730day 

Ax:=l-m 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj:=C0exp(-Xt). 
2 \       \2.JDJÜ]I   \*DX*/ 4-DxRt 2\     Dx    Dx-R/     \D 

+l[i+^S^UM].[u-f^^ 

+ Csexp(-at) 

,    4-Dx-R   , 
<+vJU |-(X-o) 

•exp 

,     4-DxR   , 
1+. *—(X-a) 

2 

2D, 
1-etf 

Rx.-t- 

\2-^Dx-R-; 

J,   4DXR , 
U |-<X-a) 

v* 

2-VDX-R« 

,    4-D-R   , 
r_v,. |1+ *_.(X-a) vx-vx- M+- 

2-Dx-R-(X-a) 

exp 

,     4-D-R   , 
vx+Vx-M+ i-(X-a) 

■exp J_(X-a)t 

2D, 

.ll-rtl^*1 

1-erf 

R-Xj+tvx.   1 + 5_.(X-a) 

2-^Dx-R-t 

2vy/b*R-t, 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
2 

\Utery 

10 20 30 40 50 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.04 

/mjA 
\liter/ 0.02 

\ 

\ 

\ 

50 100 

3 
150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

\ 0.4 

Ci 
lms\ 

\ 

\Iiter/ 0.2 
\ 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

C± 
/mg\ 0.005 

\literj 

\ 

100 120 140 160 180 200 

3 

l:V45028\atuilycl\lDDX2.MCD 
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TRANSIENT SOLUTION TO THE ADVECTIVE-DISPERSIVE EQUATION FOR 
ONE-DBMEMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (2.82 
mg/1 SOURCE DECAYING AT 5 %/year WITH A 0.0034 day-1 ANAEROBIC 
DECAY, VARIABLE TIME, CONSTANT LOCATION) AFTER BIO VENTING 

ARTUP 

Hydrogeologie Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity (EPRI, 1985) 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.05-J5- 
day 

i:=0.01* 
ft 

ne:=0.2 

n:=0.35 

ax :-15-m 

5 liter 

co:=0.017.»S- 0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

X:=0.0034-L 
day 

a-0.000137- 
day 

=79- mL 
gm 

Pb:=1.65.JEL 

foe^O.000001 

R:=1 + 
P bK ocf oc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) -KI vx = 0.052 «-5L 
x day 

Contaminant velocity vc = 0.052«-5L 
day 

Longitudinal dispersion coefficient Dx:=<*x
vx Dx = 8.477**- 

day 
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35 Meters from the Source Area (Base Boundary) 

Initial Plume Distribution Calculation 

year :=365-day    i :=1.. 365 

At :=500day 

35-n x .-Jj-m 

tj :=At-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

C.:=C0-exp(-ktj)- 
4.DX-Rtj M       Dx      DxW       \»*)\ \2.,f^i 

+ c .-exp^a-tj) 

,     4DXR„ 

exp 

.     4-DxR   , 1+ 1—(X-a) 

2-D, 
1-erf 

Rx-tj- 
I,    4-DxR   , 

vx-   1+ |-(*-«> 
4    vx 
2-^/Dx-Rtj 

L   4DXR , 
vx-»v   1+ 5_.(X-o) 

exp 

4-D„R 
'x-t-vx-   1+ |--(X-a) 

2D, 

2D„R(X-a) 
exp (X-a)tj 1-erf 

RxH-vx-tjl 

12- V^^i/ 

1-erf 

,     4-DxR   , 
Rx-t-tjVx-   1+ £-<*-«) 

2^Dx.R-tj 

0.2 
Dissolved BTEX Concentration (mg/L) versus Time (years) 

\liter/ 

/    \ 

20 40 

year 

60 

0.01 
Dissolved BTEX Concentration (mg/L) versus Time (years) ■ 

Ci 

\liter/ 

0.00S 

year 
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114 Meters from the Source Area (Monitoring Well TF-8) 

Initial Plume Distribution Calculation 

year :=365-day    i :=1.. 365 

At :=500day 

x:=114n 

tj :=At-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj:=C0-exp(-X-tj)- l-ill-J.^"    'VX'li 

+ Cg-exp(-at.y 

2\        [Zfi^jl    \*°x' 
•exp 

(R-x-vx-tj) 

4-Dx.R.tj ^♦3H#''--^ 

vx+vx.   l+i^X-a) 

exp 

vx-vx- |i+—|-a-«o 

2D, 
1-erf 

R-x-t- 

!VD»'R-\ 
L    4-D.R   , vx-   1+ ^—(X-a) 

;VDxRti 

,     4-D.-R   ,      v 
vv-vT- |1+ |—(X-a) ' x-vx 

exp 

.     4-Dx-R   , 
,fvx- 11+ |-(X-a) 

2D, 

2-DxR(X-a) 
exp -5—(X-a)t. 

Dx ' 
1-erf 

'R-x-r-vx-t.\ 

1-erf 

L     4-DxR   , 
Rx-HtjVx-   1+ £_•(X-a) 

2- VÖx^i 

Dissolved BTEX Concentration (mg/L) versus Time (years) 
0.01 

year 

Dissolved BTEX Concentration (mg/L) versos Time Oscars) 
0.01 

C: 

/ mjL\ 0.1 
\liter/ 

 i_ 

year 
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130 Meters from the Source Area 

Initial Plume Distribution Calculation 

year :=365-day    i :=1.. 365 

At: =500-day 

::=130-. 

tj: =^t-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj:=C0-exp(-X-tj)- 1-1-1-erf- 
fR-x-v,,-t. \\     |v»-t; 

+ C,-exp(-a-ti)- 

2^       ^-^/r^//   \*DX-I •R/ 
•exp 

(R-x-vx-tj) 

4.Dx.Rtj 
+1 l+l^+^4].expf^Vn-crf| 

2 \      Dx     Dx-R/      \D 

,   4DXR , 
exp 

L   4DXR , 
1+ |-a-a> 

2D, 
1-erf 

Rx-t 

2-VDx-R-tjJ 

,     4-DxR   , 
V   1+ |-<l-«> 

2-^Dx-R-tj 

(,   4DXR , l+_i_.(._a) 

•exp 

J,   4DXR , 

v* 

2D, 

2-DxR(X-a) 
exp — (X-a)tj 1-erf 

Rx+Vx-tj1 

\2-^^/ 

1-erf 

Rx-t-tj-v "j+ 4DXR 

2 
vx 

•(X- -a) 

2> x-R'i 

0.01 
Dissolved BTEX Concentration (mg/L) versus Time (years) 

/mg\ 
\liter/ 

0.005 

Ji_ 
year 

Dissolved BTEX Concentration (mg/L) versus Time (years) 
0.01 

(mg\ * 
\litcr/ 

005 

10 

year 

15 20 
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TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (1.66 mg/1 
SOURCE DECAYING AT 5 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 
CONSTANT TIME, VARIABLE LOCATION) AFTER BIOVENTTNG STARTUP 

•L [ydrogeologic Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.05~™- 
day 

i:=0.01* 
ft 

nc:=0.2 

n:=0.35 

ax:-15.m 

c,:=1.66-5* 8 liter 

co:=0.017.-2« 
0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

x: =0.0034- 
day 

a:=0.000137- 
day 

Koc:=79^ 
gm 

Pb:=1.6SJEL 
cm 

f „^=0.000001 

R:=l + PbKocfoc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) .-KI vx = 0.052--5L 
day 

Contaminant velocity vc = 0.052'J5L 
day 

Longitudinal dispersion coefficient Dx=ax
vx Dx = 8.477 •*- 

day 
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2 Years From Present (1995-1997) After Bioventing 
tial Plume Distribution Calculation 

j:=0..400 t:=690day 

Ax : = l-m 

xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Gemachten and Alves, 1982) 

C.:=C0exp(-Xt) 1 U    JR-xi-v^tU     vx-t 1_JL. l_crf—i 
2 \       \2.^DX-R.t//   \"-Dx-R/ 

•exp (Rxi-V^)2 

4-DxRt 4^£h&)H^ 
+ C,exp(-at)- 

V
X+

V
J 

.    4-DxR   ,      , 1+ *_.(X_a) 
2 

•exp 

,     4-DxR   , 

2D, 
1-erf 

R-Xj-t 

\2-^/DX-R-: 

.   4DXR , 
1-H 5_-(X-a) 

2-VDx-Rt 

v,-vT- |1+ 1—(X-a) ' x- * X 

exp 

,    4-D-R   , 
vx+v*-   1+ |--a-a) 

2-DxR(X-a) 
exp -i-(X-o)t 

2D, 

.[l-erfO^ 
2-^Dx-R- 

1-erf 

,     4-D-R   , 
R-xj+t.vx.   1+ S-tt-a) 

2-^/Dx-Rt 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
1 

10 20 30 40 50 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

°± 
/mg\ 
\liter/ 0. 

0.04 

0.02 

50 100 

a 
150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.4 

/mjA 
\liter/ 0.2 

\ 
k 

\ 

20 40 60 

a 
80 100 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

/mg\ 0005 
\liter/ 

80 90 100 

a 
110 120 
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5 Years From Present (1995-2000) After Bioventing 

.Initial Plume Distribution Calculation 

j:=0..400 t:=1825day 

Ax:=l-m 

Xj :=Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

C. :=C 0-exp(-Xt)- 1 /,    .JR*rv*M\   I vx-t 1-il-Bfp 

+ C,exp(-at)- 

2 \ \2-^Dx-R-t//    \«-Dx' 
•exp (R-*rM2 

4-DxRt 2\       Dx      DxR/       \D +i(l+^i^]^P^Vfl--f^:+V^ 

[+v,L^.a-a) 
A V, 

exp 

,     4-DxR   , 
r   1+ !~(X-a) 

2D, 
1-erf 

R-Xj-t- 

2-A/DX-R-^ 

L   4DXR , 
vx-   1+ 5_-(X-a) 

2A/DX.R-I 

i+i£f -a-, 
•exp 

vx+vx- l+l^.(X-a) 
2 

2-DxR(X-a) 
exp -J-(X-o)t 

2D, 

.[l-^^-1 

1-erf 

Rxj+tvx. 
,    4DXR , 1 + *_-(X-a) 

2 
vx 

2 A/DXRI 

,2-A/DX-RI 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
1 

5 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.04 

*L 

\liter/ 0.02 

\ 

\ 

\ 

50 100 150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.4 

°L 
(m) 
\liter/ 0.2 

\  *< 

X 

20 40 60 80 100 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

/mg\ 
\liter/ 

0.005 

100 110 120 130 140 150 

l:\45028\analycl\lDDX2BV.MCD 



^^Jinj 

10 Years From Present (1995-2005) After Bioventing 
tial Plume Distribution Calculation 

j:=0..400 t:=3650day 

Ax :=l-m 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj :=c 0-exp(-Xt). I_I./I_J^LV^ h* 

+ C,exp(-at) 

2 \       [IJDJÜJI   \*
D
^

R
, 

•exp 
4-DxRt 2\       Dx      DxR/      \Dx 

Mu^^um).h.j^.r^ 

4-Dx-R. 
'x+vx-   1+ |-(X-a) 

■exp 

.     4-DxR   , 1+ 1— a-a) 

2D, 
1-erf 

Rx,-t- 

WE 
L    4-D.R   , 

,   1+ ^.(X-a) 

2-VDx-R-« 

,   4DXR , 
Vx-vx-    1+ *-(*-«) 

2-DxR(X-a) 

exp 

,     4-D-R   , 

exp -i_(X-a)t 

2D, 

l-erfO^' 

1-erf 

1-1- *--(X-a) 

2-^Dx-R-t 

2-VDXRI 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
1 

0 10 20 30 40 50 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

i 
\liter/ 0. 

0.04 

0.02 

50 100 

3 
150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

\ 0.4 

lmg\ 

\ 

\ 
\litcr/ 0.2 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01   

/mg\ 0.005 
Vliter/ 

\ 

\ 

100 110 120 130 140 150 

a 
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#* 

20 Years From Present (1995-2015) After Bioventing 
itial Plume Distribution Calculation 

j:=0..400 t:=7300day 

Ax :=l-m 

xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj :=C 0exp(-Xt). 
1 /,       ./R-xi-vx-t\\    / v,"t 1_±. l_«fL_J 
2 \    \2.^D^rtjj \*Dt* 

•exp (R-Xi-V^) 

4-D jfR-t 

+ C,exp(-at). 

vx+vx- 
,    4-D.-R   , 
1+ *—■ a-*) 

2 

exp 

,     4-D.-R   , 
vv-vx- |1+ |—(X-a) x-'x- 

2D, 
1-erf 

RXj-t 
,     4-Dx-R   , 

,   1+ 5—(X-o) 

2-VD^Rt 

l-^f(X-a) 

2-DxR(X-a) 

-exp 

vx+vx- 2 

exp 'x-*i I-(X-a)t 

2D, 

.11-^^" 
2vy/D*R< 

1-erf 

Rxj+tvx- 
,     4-D.-R   , 
1+ ?—(X-a) 

2-^/D^R-l 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.4 

\liter/ 0.2 

\ 

 ^ 

20 40 60 80 100 

5 

Dissolved BTEX Concentration (mg/L) versus Distance (meters). 

\ 
0.04 

\ 

\liter/ 0.02 

50 100 

5 
ISO 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

\liter/ 0. 

0.4 

^ 

0.2 

10 20 30 40 50 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

Vliter/ 

0.005 

a 
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^^m 

30 Years From Present (1995-2025) After Bioventing 

;tial Plume Distribution Calculation 

j:=0..400 t:=10950day 

Ax :=l-m 

Xj :=Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

C. :=C0exp(-Xt)- uLfi-fTrgU-^i-P 

+ Csexp(-at)- 

2 \ \2^Dx-K-tjj    \»-Dx-R/ 

(R-Xi-V^) 
4-DxRt 

1 /i   vxxi   vx'M     /v*xi\ /*     JR-*i+v*t] 

M       °x      Dx-W       KM b-^iTt 

4DX.R 
'x+vx- p+ |-tt-«0 

■exp 

,     4-DxR   , 
1+ x-.a-a) 

2-D, 
1-erf 

Rx.-t- 
I,     4-D-R   , 

vx- M + 1—(X-a) 

2vy/Dx-R-t 

2-Dx-R-(A,-o) 

(,    4-D-R   , 
l+_^_,X-a) 

exp-U-(X-a)t 

cxp 

L   4DXR .    x »i+*i-p+—|--a-a) 
A v_ 

D, 

2D, 

l-crff*^*' 
2-A/DX-R"» 

1-erf 

J,     4-D--R   , 1+ 1—(X-a) 

2-VDx-R-t 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

°L 
\liter/ 0.1 

\ 

s 

20 40 60 80 100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters), 

lmg\ 
\liter/ 0.1 

\ 0.04 
\ 

\ 0.02 

50 100 150 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

\ 0.2 

Cj 

Vliter/ 0.1 

10 20 30 40 50 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01   

fmg\ 
\liter/ 

0.005 

a 
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50 Years From Present (1995-2045) After Bioventing 

initial Plume Distribution Calculation 

j:=0..400 t:=18250day 

Ax : = l-m 

Xj :=Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj:=C0-exp{-U) i.iii.-b.-T^ 'T«4 

+ C,exp(-at). 

2 \       \2.^sÄjj   \*Dx* 
•exp 

4-DxRt 2\ Dx       DXR/        \D \2-^R- 

vx+vx.   l+lH^.(X-a) 

•exp 

.     4-DxR   , 
t-vx- i+—|--a-a> 

2D, 
1-erf 

RXj-t 
L     4-DxR   , 

vx-   1+ |~a-a> 

2-A/Dx-Rt 

,     4-D.-R   , 1+ 5_.(X-a) 

exp 

vx+vx-   l-Ä^a-a) 

2-D.R(l-a) 
exp 

vx"xi -JLl_(X-a)-t 

2D, 

l.erfÖ^^ 
2A/DXR- 

1-erf 

,     4-D^R,, 
Rx.+tvx-   1+ i_.(J,-a) 

2-A/DX-RI 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

/mg\ 0.05 
\liter/ 

\ 

\ 

20 40 60 80 100 

5 

Dissolved BTEX Concentration (mg/L) versos Distance (meters) 

0.04 

c± 
hsa\ 
\liter/ 0. 02 

^ I I 

20 40 60 80 100 

5 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 ' 

/mg\ 
Vliter/ 

0.005 

5 a 
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• 

TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMEMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (2.82 
mg/1 SOURCE DECAYING AT 50 %/year WITH A 0.0034 day-1 ANAEROBIC 
DECAY, VARIABLE TIME, CONSTANT LOCATION) AFTER BIO VENTING 

TARTUP 

Hydrogeologie Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity (EPRI, 1985) 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.05J2- 
day 

i:=0.01* 
ft 

ne:=0.2 

n:=0.35 

a„:=15-m 

C.: = 1.6&-5B. 
* liter 

co:=0.017-^S- 0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

X:=0.0034-L 
day 

<x:=0.00137-L 
day 

Koc.=79mL i mL 

gm 

Pb:=1.6S-BL 
cm 

f „^=0.000001 

R;=l + p'»Kocfoc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) ._KI vx = 0.052 •-"- 
day 

Contaminant velocity vc = 0.052«. 
day 

Longitudinal dispersion coefficient D   =8.477 «i- x day 

c:\protocol\append-d\equattons\lDDT.MCD 



35 Meters from the Source Area 

Initial Plume Distribution Calculation 

year :=365-day    i!=l.. 365 

At :=100day 

:=35.n x .-jD-m 

tj:=At-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj :=C 0.exp(-X-tj) 

+ Cg-exp(-a-tj) 

1--L. 1-erf 
R.x-vx-tj\\       vx-tj 

2^ \2.^RTJ/    \*DX- 
•exp 

(R-x-vx-tj)2 

4-DxRtj 

,     4DXR„      , 

exp 

,   4DXR , l+_L_.a_a) 

2D, 
1-erf 

Rx-t- 
|,    4-D.R   , 

vx-   1+ |--a-a) 
4    vx 
2^DX-Rti 

v»-vx- |1 + fL_.(X-o) 'x~vx- 

2-DxR(X-a) 

exp 

.     4-D.R   , 

2D, 

exp 
v v-x 
-2—(X-a)t 
Dx ' 

■ 1-erf 
Rx-t-vx.tjl 

\2VDx-R-V 

1-erf 

Rx-htjVjj- 
.   4DXR , 
1+ *—• (X-a) 

2 vx 
2- VDx-R-li 

Dissolved BTEX Concentration (mg/L) versus Time (years) 
0.2 

Ci 
/- 

\ 
(ms) 0.1 
\liter/ 

/ 

\ 

year 

10 

Dissolved BTEX Concentration (mg/L) versus Time (years) 
0.01 — 

/mg\ 
\liter/ 

0.005 

8.5 9 

year 

9.5 10 
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APPENDIX C-2 

ANALYTICAL MODEL-DECAY 8% 

022m2450/WESTOVER/17.WW6 



4 

TRANSIENT SOLUTION TO THE ADVECTIVE-DISPERSIVE EQUATION FOR 
ONE-DEMEMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (30 
mg/1 SOURCE DECAYING AT 8 %/year WITH A 0.0034 day-1 ANAEROBIC 

ECAY, VARIABLE TIME, CONSTANT LOCATION) 

Hydrogeologie Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity (EPRI, 1985) 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.05-SL 
day 

i:=0.01-5 
ft 

„e:=0.2 

=0.35 

ox:=15-m 

8 liter 

C 0: =0.0.HÜ- 
0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

X-0.0034- 
day 

a: =0.000219- 
day 

Koe-79.^ 
gm 

Pb:=1.6SJSL 
cm 

f^O.OOOOOl 

R:=1 + 
P bKocf oc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) -KI v. = 0.052*-!=- 
x day 

Contaminant velocity = 0.052« 
day 

Longitudinal dispersion coefficient Dx:-«xvx Dx = 8.477 •*- 
day 

c:\protocol\append-d\equations\lDDT.MCD 



35 Meters from the Source Area (Base Boundary) 

Initial Plume Distribution Calculation 

year :=365day    i :=1 ..365 

At:=500day 

:=35-n x -Jj-m 

t- :=At-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

c.:=c0.«p(-Vt^ 
i /i   JR-x-vx-ti\\    Vx-ti 1_±. l_«f. 

+ Cs-exp(-atj) 

2^        \2.^D^tj//    \*D* 
■exp 

(R-x-Vx-t;) 

4.DX-Rtj 
+I.l+^+^.expf^.fl-crffcpl 

2        Di    DW     \DX/ \2.„fcxZ. 

VX+VJ l+l^X-a) 

exp 

vx-vx-   l+^|^-(X-a) 

2-D, 
1-erf 

Rx-t. 

-ft**: 
I,    4-Dv-R   , 

vx-   1+ |-(X-a) 

^jfR-H 

4-D.R 
vx-vx-   l+- (X-a) 

2-Dx-R(X-a) 

exp 

vx+vx-   1+ |-(X-a) 

exp _* (X-a)t. 
Dx 

■ 1-erfl 

2D, 

Rx+vx.tjl 

^D*-R'V 

1-erf 

Rx+tjVx. 11 + 
4-DxR 

2 
vx 

•(X- -a) 

2> x-Rtj 

Dissolved BTEX Concentration (mg/L) versus Time (years) 
2 

Ci \ 

Ujter/ 

n 
20 40 60 

Ji_ 
year 

80 100 

Dissolved BTEX Concentration (mg/L) versus Time (years) 
0.01 

/mg\ 0.005 

\Hterj 

60 70 80 

year 

90 100 
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114 Meters from the Source Area (Monitoring Well TF-8) 

Initial Plume Distribution Calculation 

year :=365-day    i:=l„ 365 

to :=500day 

t. -=ii-i 

x:=114m 

For Retarded Flow with Biodegradation and a Decaying Source (van Gemachten and Alves, 1982) 

Cj-Co-exp^-tj) i-i.fi-JR-x-v--M-p^-Up (R-*-vx-tj) 

4.DxRtj 4^^mhr^ 
+ c s.exp(-atj). 

vx+vx- i+—|-a-«> 

exp 

U^-(X-a) 

2D, 
1-erf 

Rx-tj- 

^x-H 

Vx. L^-a-a) 

■fit^i 

v.-vx-|l+^a-a) ' x- v X 

2-DxR(X-a) 

exp 

.   4DXR , 
vx+vx-   1+ |--(X-a) 

2D, 

exp 
v*-x 
_*—(X-a)t. 
Dx ' 

•1-erf 
R-x+Vx-tj) 

'■■fix^J 

1-erf 

,     4-DxR   , 
Rx+trvx-   1+ 5_-(X-a) 

2^Dx.R.t£ 

Dissolved BTEX Concentration (mg/L) versus Time (years) Dissolved BTEX Concentration (mg/L) versus Time (years) 

\liter/ 

0.15 j\ 
0.1 

o.os 

20 40 60 80 100 

Ji_ 
year year 
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TRANSIENT SOLUTION TO THE ADVECTIVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (30 mg/1 
SOURCE DECAYING AT 50 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 

ONSTANT TIME, VARIABLE LOCATION) AFTER BIO VENTING CO] 

ydrogeologic Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=l.05.-2- 
day 

i:=0.01* 
ft 

ne:=0.2 

n:=0.35 

ax:=15m 

c .:=1.73J58 
S liter 

Co:=0.022-2K- 
° liter 

Retardation Coefficient Calculation 

Solute Decay Rate x: =0.0034- 
day 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

a:=0.00137--i- 
day 

—*7Q mL 
gm 

^^■■=79-^ 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

Pb:=1.65JEL 
cm 

foe^O.000001 

R:=U P bK oof oc R = 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) -K-I vx=0.052«-5L 
x day 

Contaminant velocity vc=0.052 •-£- 
C day 

Longitudinal dispersion coefficient Dx:=ax-vx Dx = 8.477 •*- 
* day 

l:\45028\analycIUDDX3.MCD 



^—Inj! 

11 Years From Present (1995-2006) 

tial Plume Distribution Calculation 

j:=0..200 t:=4015day 

Ax'=l-m 

Xj :=Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj :=C 0-exp(-Xt) l_i. l_erfP^ R-x. - v x-t\\     / v v -t 

2 \ \2.^fct//     Px* 
•exp 

4-D xRt 2 I        Dx      DX.R/ D 
\2-A/PX-R- 

+ Cs-exp(-at). 

.     4-Dx.R   . 
vx+vx-   1+ ^—(*-*) 

■exp 

,   4DXR , 
1-t- L_. (X-a) 

2-D, 
1-erf 

Rxj-t 
,    4-D.-R   , 

vx-   1+ £-■(*-«0 

2-^Rt 

vx-vx-   l+±B#.(X-a) 

2-DxR(X-a) 

exp 

vx+vx-   l+^a-a) 
A V_ 

exp 
x*j 2_(X-a)t 

2D, 

.ll-erfO^ 
2-A/D^ 

1-erf 

L   4D_R , 
Rx.+tvx-   1+—-i_.(l-a) 

2-A/DX-RI 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.004 

\liter/ 0.002 

\ 

\ 

50 100 

5 
150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

\liter/ 

0.005 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

3. 
/mg\ 
\liter/ 0.1 

\ 0.004 

\ 

0.002 

20 40 60 80 100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

\liter/ 

0.005 

a 
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TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (30 mg/1 
SOURCE DECAYING AT 8 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 

ONSTANT TIME, VARIABLE LOCATION) CO] 

[ydrogeologic Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.05-5L 
day 

i:=0.01* 
ft 

ne:=0.2 

n:=0.35 

ox:-15m 

c.:=30J2i- 
' liter 

0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate A.:=0.0034-L 
day 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

a: =0.000219-i- 
day 

X.M:=V92± mL 

gm 

Pb:=1.65.^L 
cm 

f „^=0.000001 

.=1+Pb-K°c-foc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) -KI vx = 0.052 
day 

Contaminant velocity vc=0.052««- 
day 

Longitudinal dispersion coefficient Dx = 8.477 •*- 
x day 

l:\45028\analycl\lDDX3.MCD 



m 
30 Years Ago (1965-1995) 

tial Plume Distribution Calculation 

j:=0..200 t-10950-day 

Ax:=l- 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj-Co-extf-X-t) 

+ C,-exp{-at). 

1__L. l_erfP^ 
R.x.-vx-t\\     /v_-t 

2 \ \2^Dx.K-tjj     \*DrR 
I exp 

(R.xrvx-t) 

4-DxRt 

1    1 . vxxi.v!t'.t 
+±.h+^+^ -expo- 1-erf _J 

L   4DXR ,    , 
vj+vj-   1+ *— (X-a) 

exp 

,   4DXR , 
1+ ?— -(X-a) 

2-D, 
1-erf 

R-Xj-t 

R.x.-t-vx-tl 

2yPxR- 

,   4DXR , 
vx-   1+ 1—<>-a) 

2.^/D^Rl 

,     4-D.-R   . 
.-v«-   1+ |--(X-a) 

exp 

,     4-D-R   , 
vx+vx-    1+ |-(X-o) 

2-DxR(X-a) 
exp _l_(X-a)t 

2D, 

./l-A^ 
2-^x-Rt 

1-erf 

R-x.+t-v 

<\j         vx 
•(X- -a) 

2.^DX-Rt 

Dissolved BTEX Concentration (rag/L) versus Distance (meters) 
2 

Ci 
/mg\ 
\liter/ 

\ 

\ 

20 40 60 80 100 

5 

Dissolved BTEX Concentration (mg/L) versos Distance (meters) 
0.1 

ci 
1mg\ 0.05 
Uter/ 

50 100 150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.4 

CJ 

.liter/ 0.2 

\ > 

^ 

20 40 60 80 100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

± 
/mg\ 
Vliter/ 0J 

\ 0.04 ■ 

K 0.02 

50 100 

a 
150 200 
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^■^nj 

2 Years From Present (1965-1997) 
itial Plume Distribution Calculation 

j:=0..200 t:=11680day 

Ax :=l-m 

xj :=Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Gemachten and Alves, 1982) 

Cj:=C0exp(-Xt). uiluÄ'^  <v*-< 

+ Cgexp(-at)- 

2 \       \2-JT>~JÜ)I   \*D**, 
■exp 

(R-Xj-Vx-t) 

4-DxRt Dx      Dx-R/      \D; 
+-L-I1+-^J + 

vx+vx-   1+ £-■tt-a) 

•exp 

,     4-D..R   , 
vx-vx-    1+ |-(X-«) 

2D, 
1-erf 

R-Xj-t 

\2-^R- 

,     4-DjfR   , vx- M+ *r-a-a) 

2-VDX-R-« 

,     4-D..R   , 
vx-vx-   1+ |--(X-a) 

exp 

J,     4-D-R   , 
1+ |~tt-a) 

2-DxR(X-a) 
'exp J_(X-a)t 

2D, 

.ll-cÄ^1 

2-VDX-R- 

1-erf 

,     4-D--R   , Rxj+tvx.    1+ 1— a-a) 

2-^DxRl 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
2 

\ 
(J5S.\1 

\liter/ \ 

20 40 60 80 100 

5 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

/mg\ 0.05 
\Uter/ 

50 100 

5 
150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.4 

lms\ 
Vliter/ 0.2 

\ 

\ 

\ 

20 40 60 80 100 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

/mg\ 0.005 

Uta/ 

50 100 

3 
150 200 
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j^ni 

5 Years From Present (1965-2000) 
itial Plume Distribution Calculation 

j:=0..200 t:=12675day 

Ax t=l-m 

xj :-Ax-j 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

c. :=c0exp(-Xt). l_l/l_erf&-V^    l"*'* 

+ Cs-exp{-at) 

2 \ \2-^D^RTt//    \*Dx-R/ 
■exp 

(R-Xi-Vx-Q 

4-DxRt 

.     4-DxR,,      N 
vx+vjf 11+ |--(X-a) 

•exp 

4^m^)tM) 
i ,4px-R/1   „, 

vx-
vx-   J+ —•(*-a) 

2-D, 
1-erf 

Rxj-t i , 4-Dx-R„   „, 

2-VDxRt 

,   4D.R , 
vx-vx-   1+ S-(X-a) 

2-DxR(A-a) 

exp 

,     4-D.-R   , 
vx+vx- P+ |~tt-«> 

exp -i-(A-a)t 

2D, 

l-eÄ^ 
•RtJ 2-VÖ1 

1-erf 

Rx.+tv 'f 4DX.R 

2 
vx 

■(*- -a) 

2> xRt 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
21  

\liter, :)' 

X 

0 20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

cj 
/mg\ 0.05 
\liter/ 

50 100 

3 
150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

\liter/ 

0.4 

\ 0.2 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

Ci 

\liter/ 

0.005 

50 100 

3 
150 200 
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• 

10 Years From Present (1965-2005) 
nitial Plume Distribution Calculation 

j:=0..200 t:=14600day 

Ax:=l-m 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

c. :=c0-exp(-Xt) l.I.fl.J^L^^   I"* 

+ Cgexp(-at). 

2 \ \2^Dx.R-t//    \«-Dx-R 
•exp 

(R-Xi-Vx-t) 

4-DxRt ^I'^^w^"1--^""* 

.   4DXR , 
vx+vx-   1+ |-(*-«0 

exp 

,    4-DxR   , 
vx-vx-   1+ |-(^-a) 

2D, 
1-erf 

Rx.-t- 

^•^/D^ 

,   4DXR , 
vx-   1+ 1—(X-«) 

2-VDxR-< 

,   4D„.R , 
vx-vx"    1+ |-(X-«) 

2-Dx-R(X-a) 

exp 

,     4-D.-R   , 
vx+vx-   1+ i—(X-o) 

2D, 

exp -i_(X-a)t . l_«rf_J_ 

\2-V^ •Rt 

1-erf 

Rx.+tv 'f 4DXR 

2 
vx 

•a- -a) 

2> x.Rt 

Dissolved BTEX Concentration (mg/L) yersus Distance (meters) 

1 

\ 
/mg\ 0.5 
\liter/ \ 

0 20 40 60 80 100 

5 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.1 

°± 
/mg\ 0.05 
\lfter/ 

50 100 

5 
ISO 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters). 

0.4 

°± 
Vliter/ 0.; 

\ 
\ 

\ 

20 40 60 80 100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01   

Ci 
/mg.\ 
\liter/ 

0.005 

50 100 

a 
150 200 
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^■Jni 

20 Years From Present (1965-2015) 
itial Plume Distribution Calculation 

j:=0..200 t:=18250day 

Ax i-l-m 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

C. :=C 0exp(-Xt)- i-iJi-J^;-U^-U 

+ C,exp(-at). 

2\        \2-J)~JüJI   \"-Dx-R 

(R-Xj-Vx-t) 

4-DxRt 2\       Dx     DxR/       \D \2^/Dx-R-i 

4D XR 
'x+vx-   1+ |~(X-a) 

■exp 

,    4-D.-R   , 1+ 5_.(X-a) 
2 

2-D, 
1-erf 

R-Xj-t- 
4-D V-R 

vx- |l + """*"(X-tt) 

2-VDx-R-1 

>+±Bfa-« 
exp 

vx+vx.   1+. !_.(*-a) 

2D, 

2-DxR(X-a) 
•exp -J-(X-a)t ■ 1-erfPl 

2.^0^ 

1-erf 

,    4DX.R 
Rxj+tvx-   1+ 1—(X-a) 

2^/Dx-R-t 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.4 

\liter/ 0.; 

\ 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

200 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

a 

0.01 

/mjA 
\liter/ 

0.00S 

a 
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^^nr 

30 Years From Present (1965-2025) 
itial Plume Distribution Calculation 

j:=0..200 t:=21900-day 

Ax : = l-m 

xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj :=C 0-exp(-X-t). ulfuJü-^W K-1 

+ C,exp(-at)- 

2 \ \2-^Dx.R-t//    \*Dx-R/ 
•exp (RXJ-V^)2 

4DxRt 2\      Dx     Dx-R/      \D 
4.(l+^^]•exp(^i].(l-erf(^£:, 

2-yDx-R- 

I,   4DXR , 
Vx+Vx"   M + T— (X-a) 

exp 

,    4-D.R   , 
l+_^_.(X-a) 

2D, 
1-erf 

R-Xj-t- 
,     4-D.R   , 

vx-    1+ Y*        * 

2-Vox.R-t 

L    4-D-R   , 
vx-vx-   1+ *-<*-*) 

2-D--R(X-a) 

exp 

L     4-D-R   , 
vx+vx-   1+ |--a-a) 

2D, 

•exp -2_(X-a)t ■1-afP 
2.^Dx-R-t 

1-erf 

Rxj+tvx- 
,     4-D--R   , 
1 + ?—•(X-a) 

2 
vx 

2>X-Rt 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.2 

\ 
/mg\ 0.1 
VHter/ \ 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

200 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

_5_ 
\liter/ 

0.05 

20 40 60 80 100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

/ mg\ 0-005 
\liter/ 

50 100 

a 
150 200 
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# 

50 Years From Present (1965-2045) 
;nitial Plume Distribution Calculation 

j:=0..200 t:=29200day 

Ax : = l-m 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

C.:=C0exp(-Xt)- ui/i_J!a:v^ 'v^ 

+ C,exp(-at). 

2\        [l^y^tll   \*-Dx-R 
•exp fry»«*) 

4-DxRt 'if^H^''1-"^ 

,   4DX.R 
v,+vX'   1+ ^—(X-a) 

•exp 

4-D.R 
'x-vx-   1+ |-(X-a) 

2D, 
1-eri 

Rx.-t- 

2-VD^R 

vx-   1 + 
4DXR , 
 *— -(X-a) 

2-^/D^RI 

4-D.-R 
vx-vx- ll+^^-(X-a) 

■exp 

VX+V> 
,   4D_R , 
1-t- *—•(X-a) 

2-DxR(X-a) 
exp -J-(X-a)t 

2P, 

• ll-erÄ^' 

1-erf 

,   4DXR , 
R.xj+t-vx.   1+ |_ (X-a) 

2-^/DX.RI 

2-^/DX-R 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) Dissolved BTEX Concentration (mg/L) versus Distance (meters). 
0.2 

VJiter/ 

20 40 60 80 100 

3 

Vliter/ 

0.04 

\ 
0.02 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

/mg\ 0.05 
\Iiter/ 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 — " 

/mg\ 
\liter/ 

0.005 

20 40 60 80 100 

3 
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^■^pr 

60 Years From Present (1965-2055) 

itial Plume Distribution Calculation 

j:=0..200 t:=32850day 

Ax :=l-m 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj:=C0exp(-Xt) l-L(l-«&^:    -PSJLU 

+ Csexp(-at). 

2 \       \2-A/Dx-R-t//   \*DxR 

(R-Xi-V^)2 

4-DxRt 2\       Dx     DxR/      \D 
\2-^Dx-R-i 

vx+vx- l+±E|V-«> 
exp 

,    4-DxR   , 
vx-vx-   1+ *-<*-«> 

2D, 
1-erf 

R-Xj-t- vx-    1 + 
4DXR ,  ^-(X-a) 

2-VDX.RI 

v»-vv- |1 + |-(X-a) ' x-'x 

2-Dx-R(X-a) 

exp 

vx+vx- 1+. *— (X-a) 
2 

exp J_(X-a)t 

2D, 

.hcrfÖ^' 

1-erf 

L   4DXR„    X 
Rxj+tvx-   1+ |-.<X-a) 

2-^DxRt 

2-VDX-R- 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

\liter/ 0.1 

0.04 

0.02 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

°± 
/mg\ 0.005 

\liter/ 

100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.02 

\liter/ 
0.01 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
o.oi ——  

Vliter/ 

0.005 

10 20 30 40 50 

3 
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APPENDIX C-3 

ANALYTICAL MODEL-DECAY 10% 

022/722450/WESTOVER/17.WW6 



4 

TRANSIENT SOLUTION TO THE ADVECTIVE-DISPERSIVE EQUATION FOR 
ONE-DIMEMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (2.69 
mg/1 SOURCE DECAYING AT 10 %/year WITH A 0.0013 day-1 ANAEROBIC 

ECAY, VARIABLE TIME, CONSTANT LOCATION) 

Hydrogeologie Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity (EPRI, 1985) 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.05~5L 
day 

i:=0.01-5 
ft 

ne:=0.2 

n: =0.35 

<xx:-15-m 

C.:=2.69-5!8 
s liter 

Co:=0.016J2S- 0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

X:=0.0013- 
day 

a: =0.000274- 
day 

Koc:=79- mL 
gm 

Pb:=1.6S-BL 

f^-0.000001 

R:=1 + 
Pb'Kocfoc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) vx:=£I vx = 0.052- 
day 

Contaminant velocity vc = 0.052 «JL 
day 

Longitudinal dispersion coefficient Dx:=a„.vx DX = 8.477«*L 
x       *   * x day 

c:\protocol\append-d\equations\lDDT.MCD 



35 Meters from the Source Area (Base Boundary) 

Initial Plume Distribution Calculation 

year:=365day    i : = 1 ..365 

At:=100day 

35-n x --Jj-m 

t. :=At-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Gemachten and Alves, 1982) 

Cj-Co-exp^X-tj). i.Ui-^r^i -p^U 

+ c „•exp^a-tj) 

2^       \2.,JwZJI   \"-Dx-R/ 
(Rx-vx-tj) 

4.DxRti 4^^mhr* 
vx+v: 

,     4-DxR   , l+_^_,X-a) 

exp 

,   4DXR ,    v 
vx-vx- i+—|-a-«> 

2D, 
1-erf 

Rx-tj. 

■JÖM 
,   4DXR , 

vx-    1+ |-tt-«> 

'•■f>**H 

,     4-D.-R   ,      „ 1+ |— (X-a) 

■exp 

,    4-DxR   , 
vx+vx-   1+ |-(X-a) 

2-Dx-R(X-a) 
exp 

v v A . 
-5 (X-O)t. • 1-erf 

2D, 

R'H'xV 
2^i| 

1-erf 

L     4-Dx-R   , 
R-x+tg-Vj,-   1+ *-■(X-a) 

2-^Dx-Rti 

Dissolved BTEX Concentration (mg/L) versus Time (years) 
1 

ci 

Vliter/ 

20 40 60 80 100 

year 

Dissolved BTEX Concentration (mg/L) versus Tune (years) 
0.01 

C: 

/■a.) 
\liter/ 

0.005 

\ 

\ 

\ 

50 60 70 80 90 100 

year 
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114 Meters from the Source Area (Monitoring Well TF-8) 

Initial Plume Distribution Calculation 

year :=365day    i : = 1.. 365 

At :=500day 

x:=114n 

tj: =At-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj :=C 0-exp(-X-tj) 1_2"(1"erf(2.A/rJ^Ti))"Ux'  l'eXP 

(R-x-v^tj) 

4.DxRtj 
+li+^+^L!sUteVii-Äi 

2 \       Dx     Dx-R/      \D 

Rx-t-vxtj 

+ C,-exp(-a-ti) 

,     4-DxR   ,      „ 
vx+v*-   1+ |--(X-a) 

exp 

1 + 1—(X-a) 

2-D, 
1-erf 

Rx-tj 

2-^/D^i 

J,   4D,R , 1+ ^-(X-a) 

2-^-R-tj 

(.   4DXR .     t 1+ |_.(X-a) 

exp 

4-D XR 
'x+vx-   1-t- |~ a-a) 

2D, 

2-DxR(X-a) 
■exp _* (X-a)t. 

Dx ' 
•1-erf 

Rx-(-vxtjl 

\2>/D^/ 

1-erf 

Rx-f.tjvx- 
.     4-DxR   , 1+ x—a-a) 

'-ft^i 

Dissolved BTEX Concentration (mg/L) versus Time (years) 
0.2 

Ci 
(ms\ 0.1 
\liter/ 

n 
20 40 

 i_ 

year 

60 

Dissolved BTEX Concentration (mg/L) versus Tune (years) 
0.01 

year 
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* 

TRANSIENT SOLUTION TO THE ADVECTIVE-DISPERSIVE EQUATION FOR 
ONE-DEMEMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (2.69 
mg/1 SOURCE DECAYING AT 10 %/year WITH A 0.0013 day-1 ANAEROBIC 
DECAY, VARIABLE TIME, CONSTANT LOCATION) AFTER BIOVENTTNG 

TARTUP 

Hydrogeologie Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity (EPRI, 1985) 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.05J=- 
day 

i:=0.01* 
ft 

«e:=0.2 

:=0.35 

ax:-15-m 

C,: =2.69-5« 
* liter 

Co:=0.016-H!8. 0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

)L:=0.0026-L 
day 

a-0.000274- 
day 

Koc-79-lüt i mL 

gm 

pb:=1.65-^L 

f^-O.OOOOOl 

R:=1 + 
P bK ocf oc R =1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) ._KI vx=0.052 «ÜL 
day 

Contaminant velocity vc = 0.052«J2- 
day 

Longitudinal dispersion coefficient Dx:=ax-v, Dx = 8.477 «iL 
day 
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35 Meters from the Source Area (Base Boundary) 

Initial Plume Distribution Calculation 

year:=365-day    i r=l ..365 

At:=100day 

:=35-n x.-JJ-m 

tj: =At-i 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj-Co-exp^X-tj). 1-i-. 1-erf 
R.x_vx-tj\\       vx-tj 

+ C,-exp(-a-ti)- 

2^       ^-^/rJ^Ti//   \*Dx-i 
■exp 

(k'-y*H) 
4DxR-tj 

4f^h#MR*^ 

L     4-D.R   , 
exp 

,    4-DxR   , 1+ 1—(X-a) 

2-D, 
1-erf 

R-x-t. 

\2-f>**\ 
J,   4DXR , 

1+ |--tt-a) 
v« 

^-^Dx-Rti 

f,   4D .R 
1 + |_.(X-a) 

2-DxR(X-a) 

exp 

L   4DXR .     , 
vx+vx- M+ ^—(X-a) 

2D, 

■exp --(X-a)t. • 1-erf 
Rx+Vx-tj1 

2- VDx-R-V 

1-erf 

R-x+tj-v 

-!* 

4DXR 
2 

vx 

•(X- -a) 

2> xRti 

Dissolved BTEX Concentration (mg/L) versus Time (years) 

0.4 

\liter/ 0.2 

(\ f\ 
\ 

10 20 30 40 50 

year 

Dissolved BTEX Concentration (mg/L) versus Time (years) 
o.oi —- 

Im.)0 

Vliter/ 

.005 

Ji_ 
year 
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TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (2.69 mg/1 
SOURCE DECAYING AT 10 %/year WITH A 0.0013 day-1 ANAEROBIC DECAY, 

ONSTANT TIME, VARIABLE LOCATION) 

• Hydrogeologie Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.05-™- 
day 

i:=0.01-5 
ft 

nB:=0.2 

»:=0.35 

ax:-15-m 

C.:=2.69^28 
s liter 

c„:=0.016~5». 
0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

x:=0.0013~ 
day 

a: =0.000274 j_ 
day 

Koc:=79™t i mL 

gm 

Pb:=1.65.JEL 

Organic carbon content 

Retardation coefficient 

{„. :=0.000001 

R:=1 + 
Pb"Koc-foc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) ._KI vx = 0.052«J2- 
* day 

Contaminant velocity . = 0.052'J5_ 
day 

Longitudinal dispersion coefficient Dx = 8.477 •*- 
x day 
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^^nr 

2 Years Ago (1993-1995) 
itial Plume Distribution Calculation 

j:=0..300 t:=690day 

Ax :-l-m 

xj :=Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj :=C 0exp(-Xt)- 

+ Csexp(-at)- 

1  /i      JR-xi-vx-t\\       v/-t 1_J_. M_crf 1 

2>x*' 1I-D.-R 
•exp 

(R-Xi-^-t) 

4-DxRt ^♦gK?)-'1--^ 

J,   4DXR , 
1+ |-.(X-o) 

■exp 

,     4-D,.R   , 
vx-vx-   1+ |-(X-a) 

2-D, 
1-erf 

Rxj-t 

2-VDXR- 

.     4-D.-R   , 
1+ *—(X-a) 

2-^D^A 

,    4-D-R   , 
vx-vx-    1+ *-■<*-«> 

2DxR(X-a) 

exp 

L    4-D-R   , 
vx+vx-   1+ ?— (X-a) 

exp _J_(X-a)-t 

2D, 

l-f^* 

1-erf 

4-DxR 
R-xj+tvx.   1+ |~(X-a) 

2-^1 ■Rt 

2-VDX^ 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
2 

V 

\liter/ 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versos Distance (meters) 

/mg.\ 
\liter/ 0. 

\ 0.04 

\ 

0.02 

SO 100 150 200 

i 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

100 

i 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

CJ 

\liter/ 

J.U1 

oos 

100 ISO 200 

3 
250 300 
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m 
2 Years From Present (1993-1997) 

itial Plume Distribution Calculation 

j:=0..300 t:=1420-day 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj:=C0exp(-Xt). l_l/l_J^Lv^   K< 

+ Csexp(-at). 

2 \       \2.^D^tJJ   \"-Dx-R 
•exp 

4-DxRt 
Mi+^+z£l).^^i\.(i-J^-v^ 

,   4DXR , 
vx+v*   1+ |-(X-a) 

exp 

L     4DXR„      ^ 
1+ 5_.(X-a) 

2-D, 
1-erf 

R-Xj-t 

^vy/P** 

.    4-Dx-R   , 
1H ?L_.(X-a) 

2 

2-VDxRt 

vv-vx. |1 + 1—(X-a) ' x- v X 

2-DxR(X-a) 

exp 

,     4-D-R   , 
c+vx-    1+ £-.<X-a> 

exp j-a-oo-t 

2D, 

l-^+v'" 
2-VDX-R- 

1-erf 

R.Xj+t-vx. 
,     4-D-R   , 
1+ ?—• (X-a) 

2 
VX 

2 ^Dx-R-t 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

A 

1.5 

^ 1 

Ü.S 

20 40 60 80 100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.04 

/mg\ 
\liter/ 0.1 02 

\ 

's 

100    120     140     160     180    200 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

A 
/mg\ 0.05 

\litcr/ 

\ 

\ 

100    120     140     160     180    200 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

CJ 

\liter/ 

0.005 V 
\ v_ 

100 150 200 

a 
250 300 
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jmbü 

5 Years From Present (1993-2000) 

itial Plume Distribution Calculation 

j:=0..300 t:=2515day 

Ax : = l-m 

Xj :-Ax-j 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

C. :=C 0exp(-Xt) 

+ csexp(-at)- 

l /i   JR-Xrv^\\    vx t 1-Il-erfPJ- 
2 \       \2^Dx-R-t//   \*-Dx-R 

•exp (R-Xi-V^) 

4-DxRt 
■4-—• \l-\ -l-\—=—l-exp 

2 I       Dx      Ox-»/       \Dx 
1/, . V*Xi . **'*\._/v^V/l_rf[^

+Vsft 

4-D.-R 
'x+vx-   1+ y-(X-a) 

■exp 

.     4-DxR   , 

2-D, 
1-erf 

R-Xj-t- 

2^/Px-R 

vx- II H _•(*.-a) 

2-^/Ö^Rt 

,   4DX.R , v,-vv- |1 + 1- a-a) x-Yx 

2-Dz-R-(JUa) 

exp 

vx+vx- 
,   4D„R , 
1 + *—(>.-a) 

exp 
vxxi -2-J-(X-a)t 

2D, 

.ll-erfÖ^' 
■Rt 

1-erf 

R-Xj+tvx-   1+ *_.(X-a) 

2^DX-Rt 

2.^/01 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
1.5   

/»•A 
\litcr/ 

\ 

20 40 60 80 100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.04 

*L 

\liter/ 0.02 

\ 
\ 

160 180 200 220 240 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

/mg\ 0.05 

\Mterj 

■      \ 

120 140 160 

a 
180 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

CJ 

\liter/ 

0.005 
\ 

200    220     240     260     280    300 

a 
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^^m 

10 Years From Present (1993-2005) 

itial Plume Distribution Calculation 

j:=0..300 t:=4340day 

Ax : = l-m 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj:=C0-exp(-X-t)- l.l/l-crffcL-^^   'v-1 

+ C,exp(-at)- 

2 \       \2.^Dx.R-t//   \»-Dx-R 
■exp (R-Xi-V^)2 

4-DxRt 2\       Dx      DxR/       \Dx 
^.f^^i^^LexpMUl-cf^^^ 

4D.-R 
'x+vx-   1+ S-(X-a) 

exp 

,     4-DxR   , 

2-D, 
1-erf 

R-Xj-t- 

\2.^/D^R. •Rtj 

Vx. jl+i£|5.(l_a) 

2vy/D*-R.t 

,-vv.    1 
4DVR 

(X-a) 

2-Dx-R-(X-a) 

exp 

J,     4-D.-R   , 
1+ |-(X-a) 

exp -i-(X-a)t 

2D, 

.Ii_irf£l+V*t 

2-^x-R-t 

1-erf 

Rxj+tv *f 4DX.R 

2 
vx 

•(X- -a) 

2> xRt 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
1 

100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

CJ 
/mg\ 
\liter/ 0.1 

\ 0.04 

x 

0.02 

150 200 250 300 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

Vlitcr/ 

0.05 

120 140 160 

a 
180 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

5- 
0.005 

240 260 280 

a 
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«r 
20 Years From Present (1993-2015) 

tial Plume Distribution Calculation 

j:=0..300 t:=7990day 

Ax : = l-m 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj:=C0-exp(-kt) IA.(I-J^L-^\\  I*** 

+ Csexp(-at) 

2 \       \2-^Dx-R-t//   \"-Dx-R 
•exp 

(R-xrvx-t)2 

4-DxRt 

,   4DXR , 
vx+vx-   1+ 5_ .(X-a) 

■exp 

1 4-Djr-R      , 1+ ^-(X-a) 

2-D, 
1-erf 

R-Xj-t- 
.    4-DxR   . 

^   1+ |-(X-a) 

2-^xü 

,     4-D.-R   , 
vx-vx-   1+ 5-(X-a) 

2-Dx-R(X-a) 

exp 

,     4-DxR   , 
vx+vx- M+ |—(*-<*) 

exp Jl-i_(X-a)t 

2D, 

.[Lerf^^ 

1-erf 

Rxj+tvx. 
,     4-D.-R   , 
1+ *—• (X-a) 

2 

2-^Dx.R-t 

2-^-R-t 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.3 

0.2 

\liter/ 
Ü.1 

20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

°L 
/mg\ 
\litcr/ 0.< 

\ 0.02 

0.01 

ISO 200 250 300 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

/mg\ 0.05 

\liter/ 

100 120 140 160 180 200 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

/mg\ 
\liter/ 

0.005 

240 250 

3 
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-f^oii 

30 Years From Present (1993-2025) 
tial Plume Distribution Calculation 

j:=0..300 t:=l 1640-day 

Ax :=l-m 

xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

c. :=c0exp(-Xt) uilu-P-""»  'Vxt 

2 \       \2.^B^tJJ   Px-R 
■exp (R-*i-V*-t) 

4-DxRt 2 l     Dx    Dx-R/     \Dx/^       \2-7rJ7i:t 

+ Cs-exp(-a-t)' 

L    4-DxR   , 
vx+vx-   1+ |-tt-«> 

■exp 

.     4-DxR   , 
-vv- |1+ 1- (X-a) 

2-D, 
1-erf 

R-x.-t- 
,    4-D.R   , 

vx-   1+ |~tt-«0 

2-^Dx-R-t 

,   4DXR , 
vx-vx-   1+ |~a-a> 

exp 

,     4-D--R   , 
vx+vx-   1+ |--(l-a) 

2DxR(X-a) 
exp -i_(X-a)t 

2D, 

.ll.rff^^ 
•Rt 

1-erf 

R-x.+t-v 'f 4-DX.R 

2 vx 

(X- -a) 

2> x.Rt 

2.^0, 

Dissolved BTEX Concentration (nig/L) versus Distance (meters) 
0.1   

\liter/ 

05 ^ 

20 40 60 80 100 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

/mg\ 
Vlitcr/ 0. 

0.01 

\ 
).005 

150 200 250 300 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

C± 
/mg\ 
Vliter/ 0J 

0.02 

0.01 

100 120 140 160 180 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

x- 
J. 
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or 
50 Years From Present (1993-2045) 

itial Plume Distribution Calculation 

j:=0..300 t:=18940day 

Axi-l-m 

Xj :=Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

C. :=C0exp(-Xt). 

+ C,exp(-at) 

1_±.  l-erf—J- 
R-x.-Vx-tW     /v_-t 

2 \       ^.^/D^R-I//   \»-Dx-R/ 
•exp 

4-D xRt 

1   i .V^xi.vx-M„_v^xi +l.[l+^l+I^j.exp[^J].[l-erff^i^ 
2\        Dx      Dx-R/       \DxM \2.^RTt 

L   4DXR ,    „ 
t+Vx.   1+ |-.(X-a) 

•exp 

.     4-DxR   , 
1+ |-(X-a) 

2D, 
1-erf 

R-Xj-t- 
4-DvR 

Vv. |l+""x"-(X-a) 

2-^/Dx.R-t 

,     4-D.-R   , 
v,.-vv- |1 + *_.(X-a) ' x- • x 

exp 

,     4-D-R   , 
vx+vx-   1+ *—(X-a) 

2D, 
1-erf 

Rx-+tv 4+
4Df 

4     vx 
•(X- -O) 

2vy/D*-R-t 

2-DxR(X-a) 
•exp -i-(X-a)t • 1-erfPI 

2-^/DX-R- 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.02 

/mg\ 0.01 
\liter/ 

20 40 60 80 100 

x. 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.002 I  

°L 
/mg\ 0.001 
Vliter/ 

X 

ISO 200 250 300 

5 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.006 

0.004 

\liter/ 
0.002 

s 

\ 

v 

50 100 

5 
150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.01 

/jng\ 
Vliter/ 

0.005 

5 
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APPENDIX C-4 

SENSITIVITY ANALYSIS 

022/722450/WESTOVER/17.WW6 



TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (1.66 mg/1 
SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 

ONSTANT TIME, VARIABLE LOCATION) CO] 

ydrogeologic Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=5.0-«L 
day 

i:=0.01* 
ft 

ne:=0.2 

n:=0.35 

ax:-15-m 

* liter 

=0.016-™!. 
liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

X:=0.0034-L 
day 

a-0.0000274- 
day 

Koc:=79.2!t I mL 

gm 

Pb:=1.6SÄ 
cm 

f ,^=0.000001 

R:=l + Pb'Kocrfac R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) —K-I = 0.25'J5L 
day 

Contaminant velocity = 0.25«™- 
day 

Longitudinal dispersion coefficient Dx=axvx Dx = 40.365«*- 
day 
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•* 

10 Years From Present (1995-2005) 

tial Plume Distribution Calculation 

j:=0..400 t:=3650day 

Ax: = l-m 

xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Gemachten and Alves, 1982) 

c. :=c 0-exp(-Uy ,Mi-J?xm-(^°» 

+ Csexp(-at)- 

2-VDX-R- 
\x-D x-R/ 

for»»*) 
4DxRt 2\       DX      DxR/       \Dx 

.    4-D.R   , 
i+v*   1+ |-(X-a) 

exp 

\2-^Dx-R-t; 

,     4-Dx-R   , l+_i_.(X-a) 

2D, 
1-etf 

R-Xj-t- 
J,   4DXR , i+—|-a-tt> 

2-VDx-Rt 

L   4D„.R , 
vx-vx-   1+ ?-•(*-<«) 

2-DxR(X-a) 

exp 

,     4-DxR   , 
vx+vx- M+ !—(*-«> 

■exp J_(X-a)t 

2D, 

l-erfto^1 

•Rt 

1-erf 

.    4-Dx.R     ' Rxi+tvx-   !+ £—(*-<*) 

2-^/Dx.Rt 

2-^/01 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
1 

/Jtt\ °-5 

\liter/ 

0 20 40 60 80 100 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

Cj    0.08 

/mgY 
Vliter/ 

0.06 

100 200 300 

3 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

\ 
0.4 

Cj 

\litcr/ 0.2 

^ 

50 100 

3 
150 200 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.04 

(mg) 
\liter/ O.i 02 

\ 

\ 

\ 

100 200 

3 
300 400 
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TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (1.66 mg/1 
SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 

NSTANT TIME, VARIABLE LOCATION) COl 

[ydrogeologic Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K :=0.2-5L 
day 

i:=0.01* 
ft 

ne:=0.2 

:=0.35 

ax:=15-m 

c ,:=1.66-21. 
* liter 

co:=0.016-58 
0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate x:=0.0034-L 
day 

Source Decay Rate a: =0.0000274- 
day 

Soil sorption coefficient (EPA, 1990) Koc-79 mL 
gm 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Pb:=1.65.m 
cm 

foe :=0.000001 

Retardation coefficient R:=1+. 
P bK ocf oc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) _KI vx = 0.01 
day 

Contaminant velocity vc = 0.01 
day 

Longitudinal dispersion coefficient D*:=axvx Dx = 1.615«*- 
day 
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• 

10 Years From Present (1995-2005) 

nitial Plume Distribution Calculation 

j:=0..400 t:=3650day 

Ax : = l-m 

Xj :-Ax-j 

For Retarded Flow with Biodegradation and a Decaying Source (van Gemachten and Alves, 1982) 

Cj:=C0exp(-Xt)- l_I.(l_cA-V^     I*«* 
2 \        \2-^D^Ft//   \*Dx* 

•exp 
(R-xrvx-t) 

4-D xRt 
^.(l^^^^l-cxpf^iVfl-crf^^-1 

+ Csexp(-at). 

I,     4-DxR   , 
■exp 

.     4-Dx-R   , 
1+ *-•(X-a) 

2 

2D, 
1-erf 

R-x.-t 

2-VDXR-; 

L   4DXR , 
vx-   1-t- |--(*-a> 

2VDxR-« 

1+ |-(X-a) 

exp 

vx+v> 
,   4DXR , 1-f- 5_-CUa) 

2 

2-DxR(X-a) 
■exp 

'x*j -(X-a)t 

2D, 

• fl-erfO^ 
2-VDx-Rt 

1-erf 

Rx.+tvx.   1+ 5_.(X_a) 

2-^DxRl 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
1 

\liter/ 

10 20 30 40 50 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

Cj    0.08 

/mg\ 
\liter/ 

0.06 

10 20 30 40 50 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.4 

°± 
fwa) 
Vliter/ 0.2 

\ 

\ 

\ 

0 10 20 30 40 50 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

C± 
/mg\ 
\litcr/ 0. 

0.04 

0.02 

20 40 60 

a 
80 100 
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TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (1.66 mg/1 
SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 

ONSTANT TIME, VARIABLE LOCATION) 

• Hydrogeologie Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.0-2L 
day 

i:=0.01* 
ft 

ne:=0.2 

n:=0.35 

ax:-15m 

c,:=1.66.ü- 
* liter 

0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

i: ^.0034- 
day 

a: =0.0000548- l_ 
day 

Koc:=79. mL 

gm 

pb:=1.6S-BL 
cm 

fae:=0.000001 

R:=l + Pb'Koc"foc R-1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) -K-I vx = 0.05«. 
day 

Contaminant velocity vc-0.05»-2- 
day 

Longitudinal dispersion coefficient Dx;=axvx D x = 8.073 •*- 
day 
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• 

10 Years From Present (1995-2005) 

nitial Plume Distribution Calculation 

j:=0..400 t:=3650day 

Ax:=ln 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

C-:=C0exp(-Xt). i.Lh.J^L-^W fvx. 

+ C,exp(-at)- 

2\ \2^T>xK-t)j    \*Dx* 
•exp 

(R-xrvx-t) 

4-D xRt ^^m^'1-^ 
vx 

vx+vx- 1+ |—(1-a) 
i         vx 

■exp 

J,     4-D.R   , 
1+ |_.(X-0) 

2D, 
1-erf 

R-Xj-t- 

2-fi>*K- 

I.   4DXR , 

2-VDx-R-« 

4D _-R 
vx-vx- M+- •(X-a) 

2-DxR(X-a) 

exp 

,    4-D_.R   , 
vx+vx-   1+ |-(X-a) 

exp 
xÄi i_(X-a)t 

2D, 

■ll-erfO^ 
2-VDX^ 

1-erf 

J,     4-D.-R   , 1+ ^-.(X-a) 

2-VDxRt 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
1 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

^   0.08 

\liter/ 

0.06 

20 40 60 80 100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.4 

A. 
/mjA 
\liter/ 0.2 

\ 
■ \ 

> 

\ 

20 40 60 80 100 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.04 

Vliter/ 0.02 

\ 

A 
\ 

50 100 

a 
150 200 
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TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (1.66 mg/1 
SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 

ONSTANT TIME, VARIABLE LOCATION) 

• 
Hydrogeologie Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.0-JL 
day 

i:=0.01* 
ft 

ne:=0.2 

n:=0.35 

ax:-15-m 

c.:=1.66™i- 5 liter 

0 Uter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

X:=0.0034-i- 
day 

a:=0.0000137- 
day 

Koc:=79. mL 
gm 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

Pb:=1.6SJ8L 
cm 

f  -^o.oooooi 

R:=1 + 
PbKocfoc R = 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) • _KI vx = 0.05 ,m_ 
day 

Contaminant velocity vc = 0.05«J2_ 
day 

Longitudinal dispersion coefficient Dx:=<xxvx Dx = 8.073*1- 
day 
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• 

10 Years From Present (1995-2005) 

initial Plume Distribution Calculation 

j:=0..400 t:=3650day 

Ax ' -1 -m 

Xj :=Ax-j 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

C. :=C 0exp(-Xt) i /,  JK-Xrv^\\    vx-t 1_1.  l_erf_J- 
2 \       \2.fi~JLt]J   \*D** 

•exp (R-Xi-V^) 

4-DxRt 
li+^+rx-t 
2 \        DX      Dx-R 

■exp 1.  l_crf 1 
R-x- -t-v x-tl 

+ C,-exp(-at) 

1+ |-a-a) 

■exp 

,     4-DxR   , 
1+ |-(l-a> 

2D, 
1-erf 

R-Xj-t 

{ijö**- 
,   4DXR , 

vx-   1+ |-(X-a) 

2-VDx-R-« 

L   4DXR,,    N 

2-DxR(X-a) 

exp 

j,    4-DxR   , 

■exp J_(X-a)t 

2D, 

■ll-erf^^4 

\2.^D^S 

1-erf 

4-D--R 
l-xj+t-vx-   1+ |-tt-a> 

2-VDx-R« 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
1 

0 10 20 30 40 SO 

5 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

Cj    0.08 

fms\ 
\liter/ 

0.06 

20 40 60 

5 
80 100 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.4 

\liter/ 0.2 

\ 
^ 

20 40 60 80 100 

5 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

A. 
\liter/ 0. 

0.04 

0.02 

50 100 150 200 
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TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (1.66 mg/1 
SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 
CONSTANT TIME, VARIABLE LOCATION) m [ydrogeologic Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.0J2- 
day 

I :=0.01-5 
ft 

ne:=0.2 

n:=0.35 

ax:=15-m 

Cg:=1.66-58. 
* liter 

Co:=0.016-5!i- 
° liter 

Retardation Coefficient Calculation 

Solute Decay Rate x: ^.0034- 
day 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

a: =0.0000274 — 
day 

Koc.=79mL mL 
gm 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

Pb:=1.6SJ5L 
cm 

foe^O.00001 

R:=1 + 
P bK ocf oc R= 1.007 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) -KI vx = 0.05'-~- 
day 

Contaminant velocity vc=0.05«-m- 
day 

Longitudinal dispersion coefficient Dx=axvx Dx = 8.073'5_ 
day 

l:\45028\analycl\lDDX2.MCD 



j/*Lni 

10 Years From Present (1995-2005) 
tial Plume Distribution Calculation 

j:=0..400 t:=3650day 

Ax:=l- 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj :=C 0exp(-Xt) 
2\        \2.^iTt/j   \*D,R/ 

+ Csexp(-at)- 

(^i-^1) 
4-DxRt 2\        Dx      DxR/       \Dx 2-yPx-R-t; 

,   4DXR , 
t+vx-   1+ |-(X-o) 

■exp 

,     4-DxR   , 
1+ *—.(X-o) 

2D, 
1-erf 

R-Xj -1- vx-   1+ |--(X-a) 

2-VDxR-« 

,   4D„R , 1+ |—(X-a) 
2 

2-DxR(X-a) 

•exp 

J,     4-D_.R   , 
1+ |-(X-a) 

exp J_(X-a)t 

2D. 

.[UeÄ^ 
2-VE 

1-erf 

,     4-D.-R   , 
Rxj+t.vx.   1+ |-(X-a) 

2-^/Dx.Rt 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
1 

0 10 20 30 40 SO 

a 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 
0.1 

Cj    0.08 

\liter/ 

0.06 

20 40 60 80 100 

Dissolved BTEX Concentration (mg/L) versus Distance (meters) 

0.4 

\liter/ 0.2 

\ 

\ 

\ 

20 40 60 80 100 

a 
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TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (1.66 mg/1 
SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 
CONSTANT TIME, VARIABLE LOCATION) 

Hydrogeologie Data 

Hydraulic conductivtiy K:=1.0--™ 
day 

Hydraulic gradient i:=0.01-£ 
ft 

Effective porosity ne:=0.1 

Total porosity »:=0.35 

Longitudinal dispersivity ax:=15m 

Concentration of Injected Contaminant c,:=1.66.J2t 
*              liter 

Initial Dissolved Contaminant Concentration co:=0.016-»S. 
0                 liter 

Retardation Coefficient Calculation 

Solute Decay Rate X: ^.0034- 
day 

Source Decay Rate a: ^.0000274- 
day 

Soil sorption coefficient (EPA, 1990) Koc:=79. mL 

Bulk density (Freeze and Cherry, 1979) Pb:=1.6SJSL 
cm 

Organic carbon content f^O.000001 

Retardation coefficient R:=1 + 
Pb'Kocfoc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) -KI vx = 0.1«-m- 
* day 

Contaminant velocity 
R 

vc = 0.1'J5L 
day 

Longitudinal dispersion coefficient Dx:=axvx Dx = 16.146«*- 
* day 
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10 Years From Present (1995-2005) 

Initial Plume Distribution Calculation 

j:=0..400 t:=3650day 

Ax : = l-m 

Xj :=Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Gemachten and Alves, 1982) 

c. :=C0exp(-X.t). ui/i_J?i-v^ i*** 

+ Csexp(-at). 

2v^xRt 
•exp 

(Rxrvx-t) 

4-DxRt M       D*      Ox*/       ^Dx^ \2^RTt 

L    4D„-R , 
c+vx-   1+ 5_-(X-a) 

■exp 

(,   4DXR , 1-H 1—(X-o) 

2-D, 
1-erf 

Rx.-t- 
.    4-D.R   , 

VX-M+ !~<X-a) 

2VDxR-« 

vx-vx-   l+^#(X-a) 

2-DxR(X-a) 

exp 

,    4-D-R   , vx+vx' M+ i_.(X-a) 

exp _i_(X-a)t 

2D, 

./UeÄ^' 
2-^x-Rt 

1-erf 

R-Xj+t-vx. l+±£^,X-a) 
2 

2-VDx-Rt 
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TRANSIENT SOLUTION TO THE ADVECTIVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (1.66 mg/1 
SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 
CONSTANT TIME, VARIABLE LOCATION) 

lydrogeologic Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersiviry 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.0JS. 
day 

i:=0.01-5 
ft 

ne:=0.3 

n:=0.35 

ax :-15-m 

c.:=1.66-™i- 
s liter 

c o:=0.016.J22. 
0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

\: =0.0034- 
day 

a: ^.0000274- 
day 

Koc:=79 _"7Q ttjL 

gm 

Pb:=1.65J2L 
cm 

f   '=0.000001 

R.=1+Pb*oc-foc R=1 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) ._KI vx = 0.033 «-SL 
x day 

Contaminant velocity vc = 0.033«-2- 
day 

Longitudinal dispersion coefficient D x = 5.382«*- 
day 
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10 Years From Present (1995-2005) 
Initial Plume Distribution Calculation 

j:=0..400 t:=3650day 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Gemachten and Alves, 1982) 

Cj-Co-expC-Xt). i_!/i_*p3Lv*tW  'v*-< 

+ C,exp(-at)- 

\2-^Dx-R-tj;    \""x- ID V-R/ 
•exp 

(R-X,-Vx-t)2 

4-DxRt 2 \       Dx      Dx-R/       I Dx / \ [ijwt. 

I,   4DXR ,     % 
[+Vx.   1+ 5_.(X_a) 

exp 

,    4-Dj-R   , 
1+__E_(X_«, 

2D, 
1-erf 

R-Xj-t 
I,   4DXR , 

vx-   1+ 1-(^-«) 

2-VDx-Rt 

,     4-D.-R,,      , 
Vv-vT- |1+ 1—(X-a) ' X- " x 

•exp 

,     4-D-R   , vx+vx- M+ 1— <*-a> 

2-DxR(X-a) 
exp J_(X_a)t 

2D, 

■ U-Ä^** 

1-erf 

,     4-D--R   , 
R.x.+tvx-   1+ i_.(X-a) 

2-^Dx-R-t 

2-VDX-R-' 
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TRANSIENT SOLUTION TO THE ADVECTTVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (1.66 mg/I 
SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 
CONSTANT TIME, VARIABLE LOCATION) 

[ydrogeologic Data 

Hydraulic conductivtiy 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.0-E. 
day 

i:=0.01* 
ft 

ne:=0.2 

:=0.35 

<xx :-30-m 

c.:=1.66-=& 
s liter 

co:=0.016-™8- 
0 liter 

Retardation Coefficient Calculation 

Solute Decay Rate x: =0.0034- 
day 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

a:=0.0000274-L 
day 

Koc:=79.™f i mL 

gm 

Bulk density (Freeze and Cherry, 1979) 

Organic carbon content 

Retardation coefficient 

Pb:=1.6SJ5L 
cm 

foe :=0.000001 

R:=1 + 
PbKocfoc R = 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) 

Contaminant velocity 

-KI vx = 0.05«. 
day 

0.05«-5L 
day 

Longitudinal dispersion coefficient Dx:=axvx Dx = 16.146«5_ 
day 
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10 Years From Present (1995-2005) 

Initial Plume Distribution Calculation 

j:=0..400 t:=3650day 

Ax :=l-m 

Xj :-Axj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

Cj :=c 0exp(-Xt)- i-!.fi-rfb:v^ 'v-1 

+ Csexp(-at)- 

2 \        [ifi^t])   \Ä-Dx- 
•exp 

4-DxRt 
+ 2\       Dx     Dx-R/      lDx|[^F, 

.   4DXR , 
vx+vx-   1+ |~-<*-«> 

•exp 

,     4-D.-R   , 
1+. ^-.(X-o) 

2-D, 
1-erf 

Rx.-t 
L     4-DxR   , 

vx- i+—j-a-v 

2-VDXRI 

i+i^-a-a) 

2-DxR(X-a) 

exp 

J,     4-DxR   , 
1+ £-•(*-a) 

V„ 

exp -i-a_a).t 

2D, 

l-erfl^^ 

2-^/07* 

1-erf 

,     4-DxR   , 
Rx.+1-Vj.   1+ *—■ (X-a) 

2-VDX.RI 
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TRANSIENT SOLUTION TO THE ADVECITVE-DISPERSIVE EQUATION FOR 
ONE-DIMENSIONAL FLOW, TYPE THREE BOUNDARY CONDITION (1.66 mg/1 
SOURCE DECAYING AT 1 %/year WITH A 0.0034 day-1 ANAEROBIC DECAY, 
CONSTANT TIME, VARIABLE LOCATION) 

% [ydrogeoloeic Data 

Hydraulic conductivity 

Hydraulic gradient 

Effective porosity 

Total porosity 

Longitudinal dispersivity 

Concentration of Injected Contaminant 

Initial Dissolved Contaminant Concentration 

K:=1.0-£- 
day 

i:=0.01-5 
ft 

ne:=0.2 

n:=0.35 

ax:-7.5-m 

* liter 

Co:=0.016.™8 
liter 

Retardation Coefficient Calculation 

Solute Decay Rate 

Source Decay Rate 

Soil sorption coefficient (EPA, 1990) 

Bulk density (Freeze and Cherry, 1979) 

Ji: =0.0034-J- 
day 

a: =0.0000274- 
day 

1^=79. mL 
gzn 

Pb :=1.65-eL 

Organic carbon content 

Retardation coefficient 

foe^O.000001 

R:=1 + 
P b'K ocf oc R= 1.001 

Groundwater Hydraulics Calculations 

Groundwater velocity (pore-water) -K-I vx = 0.05'-™- x day 

Contaminant velocity vc=0.05'J2- c day 

Longitudinal dispersion coefficient Dx:=ax
vx Dx = 4.036«i- x day 
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10 Years From Present (1995-2005) 

Initial Plume Distribution Calculation 

j:=0..400 t:=3650day 

Ax: = l-m 

Xj :-4xj 

For Retarded Flow with Biodegradation and a Decaying Source (van Genuchten and Alves, 1982) 

C. :=C 0exp(-Xt)- i.LliJ^L-^W K-< 

+ C,exp(-at)- 

2-^x-R-t 
•exp (R-Xi-V^)2 

4-DxRt ^■i'^^H^Wl-^tv" 

.    4DXR , 
vx+vx-   1+ ^—(X-a) 

•exp 

,     4-DxR   , 
vx-vx-   1-1- |--(X-a) 

2D, 
1-erf 

R-Xj-t- 

2v^x-R-t 

J,   4DXR , 1+ |--a-a) 
v„ 

2-^/D^RI 

L   4DXR , 
1+ 1—(X-a) 

2-DxR(X-a) 

-exp 

,   4DXR , 
vx+vX'    1-t- £-~ <X-a) 

exp 
'xAi 

i-(X-a)-t 

2D, 

l-erff^*' 
■Rt W^ 

1-erf 

R-x.+t-v *j+ 4DX.R 

2 vx 

•(X- -a) 

2> x.Rt 
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